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VII
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R.Ryhdnen, Mitt. Internat. Verein. Limnol., 14, 168 (1968),
VIII
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L.L.Ferstandig, J.Amer.Chem.Soc., 84, 3565 (1962).
IX
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X
Het is alleszins het overwegen waard de verkoop van schoe-

nen in paren te vervangen door de verkoop van losse exempla-
ren,

J.de Jong 2 juli 1971;



Aan mijn ouders

Aan Ciska






Chapter

Chapter

Chapter

Chapter

II

I

v

CONTENTS

Introduction

1.1, Isothiocyanates

1.2, Isonitriles

1.3. Scope of the thesis
References

Irradiation of ortho-isothiocyanato~ and ovtho-
isocyanobiphenyl

2.1. Introduction

2.2. Results and discussion
Experimental part.
References

Irradiation of 2, X'~diisocyanobiphenyls

3.1. Introduction

3.2. Results

3.3. Discussion
Experimental part
References

Spectral data and pK, values of photochemical
isomerization products from o07tho -isocyano-
biphenyls

4.1, Introduction
4, 2.1, Mass spectra of 0¥tho-isocyanobiphenyls
and their photochemical isomerization
products
4. 2, 2, Optical spectra of 0vtho-isocyanobiphenyls
and their photochemical isomerization
products
2. 3. pK,values of isocyanocyclohept [b] indoles
. 3.1.Spectra of the aminocyclohept|b] indoles
. 3.2.The pK, values of the aminocyclohept~
[b]indoles ’
Experimental part
References

o Lo

[l ol

[«>B0ox T "V I - R

14
17

18

18
22
33
40
50

53
53

53

56
60
60

62
63
63



Chapter V'  The formation of phenanthridine upon irradia-
tion of 0%tho-isocyanobiphenyl and methyl-N-

(o-biphenylyl) formimidate

5.1,
5. 2.

SUMMARY

SAMENVATTING

Introduction

Results and discussion
Experimental part
References

65

65
66

8
83

85

86



CHAPTER 1

INTRODUCTION.

During the past decades considerable interest has grown in
the chemistry of carbenes and nitrenes. Both represent abnor-
mal valence states of carbon and nitrogen and are found to be
highly reactive. The generation of these species and their re-
actions have been extensively reviewed. 2

Among the various methods to produce carbenes or nitrenes,
homolysis of cumulated systems has been successfully explored.
Cleavage may be brought about thermally or through electronic
excitation. Thus, photolysis of ketenes* or diazomethanes® leads
to carbenes. Azides® and isocyanates'7 have been shown to pro-
duce nitrenes.

(RIFC=C=0 ——  (R,C: * CO
(Ri;C=N=N —— RHC * N
R— N=N=N RN+ NP
R—N=C=0 ——  R-N! + CO

In this view a photochemical study of isothiocyanates seemed to

be atiractive for two reasons.

1. Cleavage of the nitrogen-carbon double bond would produce
a nitrene and carbonmonosulfide.

2. Cleavage of the sulfur-carbon double bond would lead to an
isocyanide and sulfur.

b R—N. + CS
R—N=C=S o 0‘ ° (1.2)
T R—N=C + S

The latter cleavage pattern is not new and has been reported for
some alkylisothiocyanates upon excitation. However, if was ho-
pedthatarylisocyanides from arylisothiocyanates would give sub-
sequent reactions under the irradiation conditions. Very little
is known about the excited state behavior of isocyanides, which
makes it difficult to predict any subsequent reaction course.

1



1.1. Isothiocyanates.

Schmidt et al.! reported the formation of aliphatic isonitriles
by the photolysis of the corresponding isothiocyanates, i.e.,
only methyl - and ethylisothiocyanate produced isocyanides, although
no such photolysis products were found upon irradiation of n-bu-
tyl- and cyclohexylisothiocyanate. A similar photolytic cleavage has
been observed for NCS® in which the cyanide ion and sulfur are
the products.? But flash photolysis of ethylisothiocyanate and
thiocyanate in the gaseous phase produced thiocyanogene radi-
cals ', which were also formed upon irradiation of thiocyano-
gene.’l In the reversible photoisomerization of benzylthiocya-
nate and isothiocyanate in solution also homolytic bond cleava-
ge is involved.1?

Finally the pyrolysis of methylated ethylisothiocyanates in the
gaseous phase produced HNCS and CnI—Izu.13

These literature data would predict the formation of aryliso-
nitriles and sulfur upon irradiation of the corresponding iso-
thiocyanates. However, it seemed to us that an aliernative clea-
vage into a nitrene and carbonmonosulfide might be tracked
down by a proper choice of the model compound.

1.2, Isonitriles,

A study of the excited state behavior of isonitriles appears to have
been neglected. Only data for the simplest member of this fa-
mily are available. Thus, the irradiation of methylisocyanide in
the gaseous phase resulted in the rearrangment to methylcyani-
de.l* Recently cyclohexylisocyanide has been irradiated together
with diphenyldiazomethane producing a ketimine.® Further, the
photolysis of p~tolylsulfonyldiazomethane in liquid hydrogen cy-
anide afforded p-tolylsulfonylmethylisocyanide.

nv ;=N
CH@SOZCHNZ e c++:,,<i—>sozcr4zmc(1 \

No indication was found for the "subsequent" formation of p-
tolylsulfonylmethylcyanide 8
Recently, all the aspects of isonitrile chemistry have been re-
viewed in a book edited by I.Ugi.)” Ground state reactions of
the isonitriles have been more extensively studied, especially
since a general procedure was developed for the preparation of
isonitriles,18 :
The isocyanide group takes in fact its very own place among
2



the various functional groups. The terminal carbon atom is for-
mally divalent and resembles to this respect carbenes. In gene-
ral, however, its reactivity has not been found to parallel that
of carbenes at all. Carbenes show electrophilic properties,
whereas isonitriles reveal more or less nucleophilic proper-
ties.'® Moreover, isonitriles are stable compounds. This has
been satisfactorily explained by considering the lone pair e-
lectrons on the nitrogen atom. By sharing this lone pair the
terminal carbon atom obtaines a formally negative charge and
has no longer the sextet of electrons characteristic of car-
benes., An isonitrile is considered as a hybrid of the following
resonance structures ’

® © . e o
R—N=C: «—= R—N=(C: ==— R=N=C: (1.4)
a b c

Structure a makes the greatest contribution. The triple bond
character has been very well established by extensive micro-
wave studies?®, by dipole moment studies?', by analysis of in-
frared?? and Raman spectra™ , etc.24 Most reactions of isoni-
triles have been satisfactorily explained in terms of nucleophi-
lic character. E.g., formamides may be prepared -by the acid-
catalyzed addition of water to isonitriles. The mechanism is pro-
bably as follows ®

@ o ® 9 H,0
R-N=C +H —=R-N=C-H —5% R—N:(ll—H
OH

(1.5)

R—NH—%—H

A wide variety of compounds is known to react with an isoni-
trile in this fashion (o -addition) either with or without a cata-
lyst.?®

A carbonyl group activated by electron withdrawing substitu-
ents reacts with isonitriles.?’ Activation of a carbonyl function
may be obtained with strong Lewis acids.



© @

Ri © @ o Ri o C=NR,
R2 C—O_BF3 + R3 N"'—-C — Rz-(l:_ OBF3
] /CQ
7
RsN
Rz‘(|:"'0" BF3 —BF3 Rz‘(i:—(l) -
c-c® c—C
N A\
RN NR, RN “NR,

(The well-known Passerini reaction2® is another example).

Isonitriles form stronger hydrogen bonds with alcohols than
do nitriles,30 which has been confirmed theoretically.?! But not
all reactions of isonitriles can be explained by taking into ac-
count its nucleophilic properties., This has been shown by reac-
tions involving an isonitrile in neutral media at various tem-
peratures. The very well-known rearrangement of isonitriles in-
to nitriles is an example. Experimental evidence has been ob-
tained against ionization in the transition state.

o .
R—ﬁEC _A-—- R-;:"N\\\ — R-C=N (1.7)
\\ \\:.C

Casanova et.al.32 studied the rearrangement of cyclobutyl iso-
cyanide, When a cationic carbon is involved, one would expect
carbon skeleton rearrangement (a demonstrated propensity of the
cyclobutyl cation). This conclusion is supported by the work of
Rabinowitch et al?® who found no electronic effect on the rates
of isomerization of para-substituted arylisocyanides (p-chloro-
phenyl, p-tolyl, and p-methoxyphenyl isocyanide). The observed
retention of configuration in the rearrangement of optically active
sec-butylisocyanide points in the same direction. These experi-
mental findings are not in good agreement with extended Htickel
calculations of Van Dine and Hoffmann®* who found in every iso-
cyanide studied an increase in positive charge at the migrating
carbon atom in the fransition state.

Further the reaction with sulfur is illustrative. Either in boi-
ling benzene or ethanol high yields of the corresponding isothio-
cyanates are found,35 and isolated as the thiourea derivatives.



& O
R-N=C + S_A ,R-N=C=S

Boyer and Ramakrishnan® have recently heated various aryl-
isocyanides in the presence of sulfur and isolated isothiocyan-
ates.

Another example is found in B -keto-isocyanides, which cycli~
ze practically quantitatively under mild conditions, %8

H
R CH, R /C
\C/ “N® \C/ \N (1.8)

i r;{ \ /
0 o o,

Six{gilar cyclization reactions have been found by Schdllkopf et.
al.

The hypothesis that electron withdrawing groups would enhance
the carbene character has been tested in the attempted prepa-
ration of sulfonylisocyanide. It proved to be impossible to i-
solate this product and apparently the sulfonylisocyanide reacts
spontaneously with starting material even at 0°C liberating CO
to give up to 90 percent of N,N'-biarylsulfonylformamidine.38

_ HA - H
R—SOz—N=CI/' >C=0 ——EQ’R—SO’;N=C<
\_|pr NH—-SO05R

R/SO2 (1.9)

Also interesting is the oxidation reaction with nitrile oxides,
which are reduced to nitriles.3?

® o © e (1.10)
Ar-C=N-0 + R-N=C — Ar-C=N + R—N=C=0

The ultimate conclusion as far as the reactive character for the
isocyanide group is concerned, must be that the electrophilic
character is at least recessive.



1.3. Scope of the thesis.

The formation of cyclohept[b] indole by irradiation of o7tho-
isocyanobiphenyl is a new reaction which reveals electrophilic
carbenoid properties of the aromatic isocyanide group. This
appears to be the first example of an aromatic ring expansion
brought about by an insertion of an isocyanide carbon atom. The
reaction was discovered upon irradiation of ovtho-isothiocyanato-
biphenyl. Both o7tho-isocyanobiphenyland cyclohept [b] indole were
found to be produced (Chapter II). This subject has been ex-
tended with the irradiation of 2,X'-diisocyanobiphenyls (Chapter
III). Some physico-chemical data of the produced isocyanocy-
clohept [b]indoles are discussed in Chapter IV. The last Chap-
ter, V, describes an apparent different reaction course by irra-
diation of ortho-isocyanobiphenyl in methanol, i.e., the forma-
tion of another isomer, phenanthridine, Evidence has been found
against a direct insertion reaction in the formation of the lat-
ter.
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CHAPTER II

IRRADIATION OF ORTHO ISOTHIOCYANATO- AND ORTHO
ISOCYANOBIPHENYL.,

2.1 Introduction

Photolysis of ortho-azido-(1) and o7tho -isocyanato-biphenyl?
2 yields carbazole. The reaction apparently proceeds by forma-
tion of an intermediate nitrene 4 which inserts into the ortho
C-H bond of the adjacent phenyl ring. Similarly a carbene 6 can
be generated upon photolysis of 2-biphenylyldiazomethane® 3 gi-

ving fluorene 7.
N H 4

; ,,

N 2
S

Qo+ —-——

In view of these results 07%fho-isothiocyanatobiphenyl 9 was
anticipated to yield carbazole 5 when homolytic cleavage of the
nitrogen-carbon bond would occur upon excitation under appro-
priate conditions.

2.2 Results and discussion

The o-isothiocyanatobiphenyl 9 was prepared according to a
general procedure described by Jochims¢ from o-aminobiphenyl
8, dicyclohexyl carbondiimide (DCC) and carbondisulfide and ob-
tained in a yield of 75 percent. h



The isothiocyanate 9 was irradiated in cyclohexane at 254 nm
for 64 hrs under nitrogen. Column chromatografic separation
on silica afforded 25 percent o-isocyanobiphenyl, 28 percent
cyclohept iblindole and 24 percent sulfur. All yields are corrected
for recovered starting material (83 percent). Product identifi-
cation was achieved by comparison of spectral data and tlc
plates with those obtained from authentic compounds. The sulfur
was identified by mixture melting point (undepressed).

Ortho-isocyanobiphenyl® 10 was obtained by treatment of 8 with
formic acid, which afforded o¥fho-N-formylaminobiphenyl®, and
subsequent dehydration of the latter with phosphorus oxychlo-
ride? in basic medium.

It was obtained as a colorless liquid bp 113-114° (1.5 mm)
in contrast to the reported solid mp 116-118°, apparently in
error, °

Dehydrogenation of 5,6,7, 8, 9, 10-hexahydrocyclohept{bl indole
afforded cyclohept{blindole (1 percent).®

8 N, S Cs
lHCOOH hv |-s
) = W @
(22)
»?8—|—
12 NHCHO 0 e
hv
CHLORANIL
D e —— e
O O AMYLALCOHOL O O
N N7
13 H 1

The formation of o-~-isocyanobiphenyl and sulfur upon irradition
of 9 is apparently the result of homolytic cleavage of the car-
bon-sulfur bond. 10

Schmidt et al.19 isolated 5-10 percent of ethylisocyanide after
12 hrs of irradiation of ethylisothiocyanate. Upon prolonged ir-
radiation no higher yields were obtained. A high conversion of
methylisothiocyanate could be reached, when the methylisocya-

10



nide was allowed to undergo a subsequent reaction as soon as
it formed1? (Passerini reaction). The low conversion of o-iso-
thiocyanatobiphenyl 9 may be ascribed to efficient cage recom-
bination of o-isocyanobiphenyl and sulfur pairs,

The crude reaction mixture from o-isothiocyanatobiphenyl 9,
was carefully examined for the presence of carbazole 5 with
thinlayer chromatography (authentic material supplied by Aldrich
Chemical Company) and so were the fractions obtained uponco-
lumn chromatography. But formation of 5 could not be tracked
down, It is concluded that either homolytic cleavage of the
nitrogen-carbon bond does not occur at all, or the generated
nitrene scavenges very fast the carbonmonosulfide within the
solvent cage. (Carbonmonosulfide is known in transitory existence
when produced in a high frequency discharge through carbondi-
sulfide, or by photolysis of carbondisulfide.?)

Thus, if cleavage occurs at all, recombination of two very
reactive species (a nitrene and CS) apparently prevails over in-
tramolecular insertion of the nitrene into the C-H bond of the
adjacent phenylring.

Although Swenton? isolated upon irradiation of o7tho-isocyana-
tobiphenyl besides phenanthridine, phenanthridine-6(5H)-one, we
have not found phenanthridine-6(5H)-thione 14,

R~

—— O
% N
\\s

H

The cyclohept [blindole 11 isolated from the photolysis mixture
of 0rtho-isothiocyanatobiphenyl 9 was apparently formed upon
subsequent excitation of the initial product 0vtho-isocyanobiphenyl
10, because it was also obtained upon independent irradiation of
10. Irradiation of 10 in cyclohexane (7.5 mM) for 19 hrs gave
62 percent of 11, corrected for recovered 10 (69 percent).

Prolonged irradiation (57 hrs) of 10 in cyclohexane (21.0 mM)
afforded besides cyclohept {b]indole 11, a trace of phenanthridine
(less than 1 percent) upon fractionation of the crude reaction
mixture on silica. IR spectrum, glc and tle retention times

11



were identical with those from authentic phenanthridine (see
experimental, Chapter V), Cycloheptlb]indole was isolated in a
yield of 42 percent, after correction for recovered starting
material (62.8 percent). In an independent experiment cyclo-
heptlblindole was found to be photosensitive, While products
were not identified, no phenanthridine could be detected by glc
even at low attenuation of the recorder. ,

The latter experiments were initiated from the results de-
pictedin Chapter V (Irradiation of o-isocyanobiphenyl in methanol
afforded phenanthridine)., In those experiments evidence was
obtained against a direct insertion of the isocyanocarbon pro-
ducing phenanthridine.

It is therefore quite well possible, that the traces of phenan-
thridine obtained as described above, were formed by catalytic
action of a trace of water.

The formation of cycloheptlb] indole was monitored by UV
spectroscopy for the irradiation of 20.0 mM solutions of o-iso-
cyanobiphenyl in cyclohexane under nitrogen as well as under
oxygen (figure 2.1).

18
~ 16F
£ A~
c
(=1
g wr /
P
S 12f N
Z
<<
: /
e
N / — N fig. 2.1.
l .l /
FIG. 24
1 1 1 1 1 1 { A 1

2 4 6 8 10 12 % 16 18
== |[RRADIATION TIME (HRS)

Fig. 2.1, Formation of cyclohept[b]indole upon irradiation of o-isocyanobiphenyl in cyclo-
hexane at 254 nm under oxygen and nitrogen monitored by UV spectroscopy.
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Because oxygen is known as a triplet quencheril the resulis
suggest that in this isomerization no triplet is involved, or that
a possible involved triplet has a very short lifetime.,l!

That more product was formed under oxygen may be ascribed
to the heavy coating of the glasswall observed by irradiation
under nitrogen, while the photolysis tube remained remarkably
clean under oxygen. Through coating with tarry materials much
light will be filtered away. Some support was found upon irradi-
ation of a similar solution of 10 under oxygen in which the photo-
lysis tube was previously coated by irradiation of a solution of
10 under nitrogen. After six to seven hours no cyclohept(b]-
indole was found. Then most of the coating tar was oxidized
away and production of 11 started.

IR analysis of the crude reaction mixture (irradiation under
O32) did not detect the formation of 0vlho-isocyanatobiphenyl.
Nor could its possible subsequent cyclization product?, phenan-
thridine-6(5H)-one be detected by tlec.

The observed insertion revealed carbenoid* properties 12 of the
terminal isocyanocarbon. The reaction might serve as a useful
route to cycloheptiblindole substituted in the seven-membered
ring by irradiation of 2-isocyano-X'-substituted biphenyls.

*A carbenoid is a reactive intermediate which behaves in some but not all reactions like a
carbene, In general carbenoids react more selective than do catbenes, They rarely show
C-H insertior, 13

13



Experimental part.

The irradiations were carried out in a Rayonet RPR 100 photochemical chamber reactor
(Southern New England Uliraviolet Co.) equipped with 16 low pressure mercury 254 nm lamps,
Solutions, when irradiated under nitrogen (Matheson, high purity grade) were degassed with
a heavy stream of nitrogen previous to irradiation, The nitrogen was dried over Molecular
Sieves and Drierite, Cyclohexane (Baker, spectro grade) used as an irradiation medium, was
always distilled from lithiumaluminum hydride straight into the quartz irradiation tube.

UV spectra were recorded on a Cary 14 spectrophotometer,

IR spectra were obtained on a Perkin Elmer 237B grating infrared spectrophotometer, NMR
spectra were obtained on a Varian A 60, a spectrometer working atr 60 Mc/sec, with tetra—
methylsilane as an internal standard. The chemical shifts are reported in ppm in the 3§
scale, the terramethylsilane peak is defined as é=o, Mass specira were obtained on a Perkin
Elmer 270 mass spectrometer,

Gaschromatographic analysis were cairied out on a Barber Coleman Flame Ionization Gas-
chromatograph model 5320 using a 8 x i stainless steel coil packed with 5% Ge-Xe-60 Chro-
masorb~G, 60-80 AW DMGS (supplied by Nuclear Chicago), with nitrogen as carrier gas,
The column temperature was 210-220°C, A flow rate of 60-70 ml min~! was used The
temperature of the injection port was about 250°C and of the detector about 280 C

For column chromatography silicagel (Baker analyzed, J. T.Baker Chemical Co.) was used.
Melting points and boiling points are uncorrected, Melting points were determined in a silicone
oil bath unless otherwise stated, Elemental analysis were carried out by Micro-Tech Laborato-
ries Inc., Skokie, Illinois U,S.A,

0-ISOTHIOCYANATOBIPHENYL (9) 4

A solution of 20,60 g (0,10 mole) dicyclohexylcarbodiimide (DCC) (Aldrich Chemical
Co.) in20 ml pyridine and 40 ml carbondisulfide was cooled to ~109C with stirring a solution
of 16,9 g (0,10 mole) of o-aminobiphenyl in 20ml of pyridine was added dropwise. The
solution was stirred for three hrs at ~10° to 0°C and subsequently stirring was continued for
18 firs at roomtemperature. The suspension of 1,3- dicyclohexylthiourea was filtered off and
washed with cold ether. The solvents were removed under reduced pressure and the liquid
residue was again treated with ether affording another crop of 1, 3-dicyclohexylthiourea which
wasfiltered off, The total yield of the thiourea, was 92,2 percent, mp 178—181°C) Distillation
of the residue, after removal of the ether, gave always some N,N° -di{o~biphenylyl) thiourea
in all the fractions.*

Initial purification by chromatography on silica (eluted with n-hexane) and subsequent dis-
tillation under reduced pressure afforded o-isothiocyanatobiphenyl as a colorless viscous liquid
(15.8 g, 75.0 percent), bp 130-1320C (0,25 mm), np 26.1, 68053 uv (cyclohexane) 285 (e
11,000), 249 nm (e 18, 400): uv (ethanol) 281 (11, 400), 249 (17,900); ir (neat) 2100 cm~1
(broad and strong, v NCS); nmr (CDClg) § 7.35 (m), mass spectum (70 eV) m/e (rel
intensity) 21.(100), 210 (17.5), 179 (31), 178 (100), 177 (25), 167 (21), 152 (60), 151
(56).

*Apparently some N, N'~di~(o~biphenylyl) thiourea was present in the crude reaction mixture,
which decomposed!4 under the conditions for the distillation into ortho-aminobiphenyl and
ortho-isothiocyanatobiphenyl, Codistillation of both and recombination to the thiburea ex-
plains the observed impurity,
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Anal, Caled for C13H9NS: C, 73.90; H, 4.29; N, 6.63; S, 15,185 mol wt 211,29,
Found: C, 74,255 H, 4.49; N, 6.75 S, 15,00,

N, N' -DI<{0-BIPHENYLYL) THIOUREA, 15

A solution of 1,0 g (4.74 mimole) of o~isothiocyanatobiphenyl and 0,80 g (4,72 mmole)
of o-aminobiphenyl in 10 ml of alcohol was slightly heated for 15 min. Scratching on the
glasswall (cooled solution) caused a copious white precipitate, Filtration and recrystallization
from alcohol gave 1,06 g (59,0 percent) of colorless needless, mp 150-151°,

Anpal, Caled for C25H20N S: C, 78.91; H, 5.30; N, 7,36; S, 8.43; mol wt 380,51,
Found: C, 78.70; H, 5.25; N, 7.30;3 S, 8,32,

0~ISOCYANOBIPHENYL' (10).

To a stirred solution of 7.50 g (67.0 mmole) of commercial potassium t-putoxide in 30
ml of tert~-butyalcohol, at 50-60°C, was added in 15 min a solution of 3,74 g (20 mmole)
of o~(N-formyl) aminobiphenyl in 60 ml of dry tetrahydrofuran (distilled from lithiumaluminum
hydride).

Stirring was continued for an hour, Then 1.8 ml of phosphorus oxychloride (19 mmole)
was added slowly (25 min). String was continued for another 2 hrs at 50~60°. Soon a
white precipitate separated, Dry ice (1 g) was added, The solvents were removed under
reduced pressure at 30°C.

The residue, dissolved in ether, was extracted with water (total 30 ml), The ether solution
was dried (CaCly), filtered, concentrated, and chromatographed on neutral AlyOg (Baker
analyzed). o-Isocyanobiphenyl eluted with benzene was distilled under reduced pressure,
2,35 g (65.0 percent), bp 113-114° (1,5 mm), nD21'5 1,6115; uv (cyclohexane) 247 mm
(€ 11750); uv (methanol) 244 (e 10500); ir (neat) 2130 em=1 (v N® = Ce)g nmr (CDC13)
8§ 7.38 (m); mass specttum (70 eV) m/e (rel intensity) 180 (16), 179 (100), 178 (28),
152 (28),. 151 (24), 89.5 (6), 89 (8),

Anal, Caled for CygHgN: C, 87.12; H, 5,08; N, 7.82; mol wt 179.22.

Found: C, 87.17; H, 5.32; N, 7.88,

o-(N~FORMYL)—AMINOBIPHENYL,

A solution of 16,0 g (96.0 mmole) of o-aminobiphenyl in 160 ml of 90 percent formic
acid was refluxed for § hrs. The formic acid was distilled off. The residue was dissolved in
100 ml of ether and filtered,

o—GI\I-formylarninobiphenyl. crystallized from the solution, 12,0 g(67.5 percent) mp 73~75°
(1t ° 759,

CYCLOHEPT[b] INDOLES

To a stirred refluxing solution of 5.0 g (27.0 mmole) of 5,6, 7,8, 9, 10~hexahydrocyclohept
{blindole (mp 142-143,%5 C, 1it, 18 mp 140.-141°) in 100 ml of fert-amylalcohol was added
with small portions 15 g (61,0 mmole) of powdered chloranil (Aldrich Chemical Co., re~
crystallized from acetic acid, mp 290°), After addition was completed refluxing was con-
tinued for another 6 hrs. The cooled solution was diluted with ether and was extracted with
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2N sodiumhydroxide to remove tetrachlorohydroquinone. The ether solution was then extracted
with 2N hydrochloric acid and the yellow aqueous layer was washed with ether and cyclo~
hexane. Basifying, extracting with cyclohexane, drying (NaySO,), filtering and concentrating
afforded 55 mg (1.0 percent) of cyclohept[b]indole. The uv specttum and the ir spectrum
were superimposable upon those from the cyclohept[b]indole obtained upon irradiation of
o~isocyanobiphenyl.

IRRADIATION OF o~ISOTHIOCYANATOBIPHENYL,

A solution of 1.240 g (5.90 mmole) of o-isothiocyanatcbiphenyl in 400 ml of cyclo-
hexane was flushed with nitrogen for three hrs and then irradiated at 254 nm for 64 hrs under
a slow stream of pitrogen,

The cyclohexane was evaporated and the residue, chromatographed on silica (Merck 0,2-
0,5 mm), afforded 9 mg of sulfur (24 percent), mp 117-119°C, mixture mp 1171199,
(eluted with n-hexane); 1.030 g of starting material (83.0 percent), eluted with n-hexane-
benzene (10:1) and identified by ir and tlc; 44.5 mg (25 percent) of o-isocyanobiphenyl,
eluted with n-hexane~benzene (3:2) and identified by ir and tlc; 50 mg (28 percemt) of
cvclohept[b] indole, eluted with chloroform-~ether (4:1), mp 1384,5-136°C (sealed tube)
(1it. 8 143°C) : methiodide mp 232° (1it.® mp 232°), UV and ir spectra of cyclohept[b Jindole
were identical with those reported by Anderson and Tazuma;™ mass spectrum (70 eV)
m/e (rel intensity) 180 (23), 179 (100), 178 (29), 152 (17), 151 (15), 89,5 (15), 89 (29),
M® (12 ev) m/e 179,

M Caled for C13H9N: C, 87.12;3 H, 5,063 N, 7.82; mol wt 179,22,

Found: C, 86,913 H, 5.,16; N, 7.61.

Several other fractions were obtained on eluting with solvent mixtures of n-nexane-benzene,
benzene-chloroform and chloroform-ether, In none of them carbazole could be detected by
thin layer chromatography. Neither has any trace of phenanthridine-6(5H)-one been found
by using the same technique.

IRRADIATION OF o0-ISOCYANOBIPHENYL (9).

A solution of 540 mg (3.0 mmole) of o~isocyanobiphenyl in 400 ml of cyclohexane was
irradiated under nitrogen at 254 nm for 19 hrs,

The irradiated mixture was chromatographed on silica (Baker analyzed). Starting material
was eluted with n-hexane-benzene (3:2), 409 mg (75.7 percent). The precise yield was
determined by gaschromatography with disc integration (69.5 percent), Calibration was carried
out with a solution of known concentration of 9, With chloroform~ether (3:1), 103 mg (62.8
percent) of cyclohept[b]indole was eluted,

Both were identified by comparison of ir spectrum and tlc plate with those of authentic
materials,

Similarly a solution of 1.50 g (8.4 mmole) of 9 in cyclohexane (400 ml) was irradiated,
The progress of product formation (10) was monitored by uv spectroscopy from aliquots taken
at intervals of 19 hrs, The amount of product did not increase .and remained constant after
19hrs of irradiation. Chromatography of the reaction mixture after 67 hrs of irradiation afforded
942 mg (62,8 percemt) of starting material, eluted with n~hexane-benzene (3:2); less than
5 mg (1 percent) of phenanthridine, eluted with benzene-chloroform (1:3) and identified
by comparing the ir spectrum, glc 1t and tlc 1t with authentic data; 280 mg of cyclohept
[blindole, eluted with chloroform and identified as before (42 percent after correction for
recovered starting material) . )
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Further, solutions of 2.0 mM of 9 (400 ml) in cyclobexane were irradiated under oxygen
and nitrogen. The progress of product (10) formation was monitored by uv spectroscopy (520

nim) .

The results are depicted in figure 2,1,

Examination of an ir spectrum of the crude reaction mixture (oxygen experiment) did not
detect the formation of o-isocyanatobiphenyl, Nor could any phenanthridine-§¢5t)-one be
detected by tlc,

Finally 50 mg of 10 in 400 ml of cyclohexane were irradiated under nitrogen as before,
After 19 hrs of irradiation all the cyclohept[bz}indole was lost (uv spectroscopy). Phenanthri-
dine could not be detected from the residue by glc or tic,
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CHAPTER III.

IRRADIATION OF 2, X'-DIISOCYANOBIPHENYLS

3. 1. Introduction

The apparent carbenoid character of the terminal carbon
of the isocyanofunction has been demonstrated upon excit-
ation of 2-isocyancbiphenyl in the previous chapter. It seemed
of interest to find out whether the reaction would be influ-
enced by a substituent on the phenyl ring under attack,
i.e., a substituent either in the 2', 3' or 4' position. An
aromatic C-C as well as a C-H insertion should be taken

into consideration (3.1).
X
QA
QT < e
" g e
N.—

With a 2'- or 3'-substituent the reaction might take two
different courses. Our attention was focussed on the 2, X'-

diisocyanobiphenyls (X = 1%5(93) because of the easy acces-
sibility and the expectation that the products would reveal
interesting properties. Molecules with an isocyano group
attached to a seven-membered ring are unknown. The seven-
membered ring in cyclohept[blindole is expected - in ana-
logy to azulene - to bear a positive charge, which may
in the isocyano-substituted derivatives increase the divalent
character on the terminal carbon atom of the functional
group.

Further, the possibility was considered that with the
2, 2'-diisocyanobiphenyl a double insertion might lead to the
unknown 5, 10-diazadipleiapentalene, 1.
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The all carbon analog, dipleiapentalene 4 is also an un-
known compound, The synthesis of pentalenel itself has not
yetbeen accomplished. Few examples of pentalene derivatives
have been reported e.g. the hydrocarbon! 3.

.

It should be noted that the seven-membered rings in dip-
leiapentalene are expected to be positively charged, whereas
thetwo 5-membered rings are negatively polarized according
to formula 4. Further, a simplified comparison of dip-
leiapentalene 1 with pyrene?2 5 might be made. The two
compounds are isoelectronic (167-electrons). Pyrene has
been reported to possess a resonance stabilization of 109
kcal/mole,® This stabilization has been accounted for by
regarding pyrene as concentric 14- and 2-r7-electron systems
connected by cross links. In general, resonance stabilization
is predicted for monocyclic systems containing 4n+27-
electrons (Hiickel rule4). A first order approximation permits
application of the rule to dipleiapentalene 4 by considering
the 14w-electrons on the periphery of the molecule. In
analogy with pyrene, resonance stabilization is expected for
dipleiapentalene 4 or its 5, 10-diaza analog 1. From a HMO
calculation a delocalization energy (DE) of 6, 0298 and 6. 5063
has been calculated for resp. dipleiapentalene 4 and pyrene 5,
Assuming B ¥ - 16 kcal3 a DE of~ 100 kcal can be calculated
for 4 (compare with 109 kcal for 5). Due to ring strain effects
this figure is likely too high.5

The same approximation (HMO) permits calculation of the
electron density on carbon atom five and ten of dipleiapenta-
lene, qg = q,p = 1.166, For 5-azadipleiapentalene2 electron
densities can be derived by using the first order approxi-
mation formulas (3.3 and 3.4) and substituting data as re-
ported by Streitwieser and Brauman for dipleiapentalene.?
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qR' = qR + 7TR’5 AQ5 (3. 3)

Aag = hyBs By = key Bec (3.4)
qz' = new eleciron densities
qp = electrondensities calculated forthe all carbon analog?
Tg,5 - atom-atom polarizability
Aas = change in Coulomb integral on atom 5 by substituting

carbon for nitrogen

hy = 0.5 (parameter); kg = 1 (parameter).8

Thus we obtained for the system 2, qgz' = 1.406 and q' =
1.169 and conclude that considerable negative charge flowed
to the nitrogen. The influence upon carbon atom ten is
negligible, For the 5, 10-diaza analog 1 a similar figure
q10' = q5' = 1.4 is estimated,

The figures predict a relatively high basicity of the nitro-
gens,”

3.1.2. PREPARATION OF 2,X -DIISOCYANOBIPHENYLS (X1=2,3 or 4

Isocyanides have been known for more than a hundred
years?, Inthe classical method for their preparation, amines
in chloroform are treated with alkali (3.5). The yields are
in general poor.

& e
R-NH, + CHClg ¥ . g_N=C (3.5)

About fifteen years ago dehydration of the corresponding
N-formylamines was introduced® . Ugi and coworkers!! have
systematically investigated the preparation of isocyanides
by different dehydrating agents in combination with various
bases. A general procedure using phosgene as dehydrant in
combination with triethylamine is recommended. Hundreds
of isocyanides have been prepared in this way, also two of
the compounds we were interested in, i.e., 2,2'-diisocyano-
(11) and 2, 4'-diisocyanobiphenyl 30. This method was also
chosen for the preparation of 7, 3'-diisocyancbiphenyl. The
reaction scheme for the preparation of the 2,X'-diisocyano-

biphenyls is outlined for the 2, 3'-isomer as an example.
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Q=

10 NC NC 9 NHCHO NHCHO

The 2, 3'- and 2, 4'-dinitrobiphenyls12.13 have been prepared
from commercial available 3- and 2-nitrobiphenyl}¢ , whereas
2, 2'-dinitrobiphenyl was also commercial availablel4. Pu-
rification of the 2, 3'- and 2, 4'-dinitrobiphenyls facilitated
the isolation and purification of the diisocyanides. In the
catalytic reduction to the amines the calculated amount of
hydrogen was required, IR analysis of the product mixture
did not detect the presence of a remaining nitro compound.
Satisfactory formylation with 90 percent formic acid was
checked by ir absorption of CO and NH groups. Acid free
formylamines were dehydrated with phosgene into the corre-
sponding 2, X'-diisocyanobiphenyls, which were purified by
chromatography over silica and eluted with benzenechloro-
form (1:1).

In the preparation of 2, 2'-diisocyanobiphenyl 11, 2-iso-
cyano-2'-diformamidobiphenyl 45 was obtained as a side-
product and isolated. Partially dehydrated products from
the reaction mixtures containing 2, 3'- and 2, 4'~diisocyano-
biphenyl were not isolated because of the greater complexity
of the reaction mixtures.

3.1, 3. CHOICE OF THE SOLVENT.

The solvent may be of fundamental importance in photo
reactions. Rate and (or) reaction course may change drama-
tically by changing the solvent. The solvent may be involved
as an undesired reactant.

Photochemical reactions in solutions occur in general from
the lowest excited states. While higher excited states may
initially be reached, the molecules are rapidly deactivated
by collision with solvent molecules! ., Changing the polarity
of the solvent may also change the relative positions of the
excited states!®, Consequently the chemical behavior of the
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compound under study may change., The situation becomes
more complex when both excited singlet and tripet states
are reactive. Solvents may also participate in the reactions
by trapping high energy intermediates. This method has been
frequently used for tracing carbenes!.

To minimize side reactions cyclohexane was chosen as
the solvent, in spite of the poor solubility of the 2, X'-
diisocyanobiphenyls (2.5 x 10-3M).

3.2. Results.

3.2.1. RRADIATION OF 2,2'-DIISOCYANOBIPHENYL 11,

Irradiation (254 nm, one hour) of 2, 2'-diisocyanobiphenyl
11 (200 mg) in cyclohexane {400 ml) gave within a few minutes
a violet solution, Separation from a column of silicagel gave
starting material in 17.6 percent, a violet isocyanide
B (vygc 2109 cm-l), an amine C (vy.y 3484 and 3355 cm-)
and a trace of a deep red solid E.

NC
I B(isocyanide)+ C(amine) + E(rcd solid)
11 CN 3.7

Ananalysis of the ir spectrum (CHC1,) from the crude reaction
mixture before chromatography on silica did not detect the
products C and E. The colored isocyanide B was isomeric
with starting material 11 as was revealed by elemental anal-
ysis and the low voltage mass spectrum (12eV, M®m/e 204).
Fine structure for the longest wavelength band, X, ,, 522 nm
(€ 395), together with a low intensity may be diagnostic for
azulenes!® ., The nmr spectrum showed only aromatic protons
(68.95-7,37). These data are consistent with an isocyano-
cyclohept[blindole as the structure. It was obtained in a
yield of 26.7 percent. A clear choice between the 10- or
6- position of the isocyano function could not be made,

. e c& DB (amine) 3.8
N

The violet isocyanide B was dissolved in ether and shaken
with aqueous 2N hydrochloric acid, The aqueous solution
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becomes yellow, whereas the organic layer decolorizes in-
stanteneously. Complete conversion to an amine D (v y_y 3509
and 3401 cm-1) was found.

The mass spectrum (12eV, M®m/e 194), the elemental
analysis of the picrate derivative and the aromatic protons
in the nmr spectrum of D indicated, that the isocyanide B
was hydrolysed to the corresponding amine D. While the
amine C possessed different properties, it was isomeric with
the amine D, as shown by the elemental analysis and the
low voltage mass spectrum (12 eV, M®m/e 194). It was
obtainedina yield of 42. 9 percent. The nmr spectrum showed
aromatic protons. These data support a proposed aminocyclo-
hept [blindole, as the structure for C. The uv spectrum in
benzene (X, 480 nm (€ 4000)) was inconclusive for the
presence of the azulene moiety18. Isomeric aminophenanthri-
dines were considered as structures for C and D, but were
excluded after comparing the reported melting points and
colors (Table 3. 3).

3,2.1.2. A precursor to an amine different
from an isocyanide.

The presence of a not isolated compound A in the irra-
diated solution of 2,2'-diisocyanobiphenyl became evident
after comparing an ir spectrum of the crude reaction mixture
with similar data of isolated products (figure 3,1) 1.2).
An attempt to isolate it was partly successful. The isocy-
anide B and starting material 11 were separated with smali
amounts of ether as was verified from ir spectra. An ir
spectrum of the black shiny amorphous residue in chloro-
form indicated only a very weak band in the isocyanide
region (2109 em-l), ascribed to B, and no absorption due
to starting material. Most of the observed bands were also
seen in the ir spectrum of the crude reaction mixture. Thus
the residue can be considered as a fairly purified sample
of A. Apparently A is not an isocyanide. When in an explo-
ratory experiment this residue was dissolved in excess of
ether and treated with aqueous 2N hydrochloric acid, the
amine C was obtained along with tarry material insoluble
in ether or aqueous acid.

Another observation shed some light upon the properties
of A. A dramatic color change from violet to ochre was
observed on adding a few drops of absolute ethanol to the
solution after irradiation. A uv spectrum of the ochre so-
lution resembled the spectrum of the isocyanide B in the
500-700 nm region. Chromatography over silica did not
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bring about isolation of new products. Again the isocyanide
B, the amine C and starting material were obtained. Since
the color change can not be attributed to B, (which is present
before and after addition of ethanol) it must be caused by a
reaction from A.

Summarizing we found:

1. evidence that insertions into both aromatic C-C bonds
from the 07tho isocyanide had taken place, i.e., in the 1'-2'
or 1'-6' carbon-carbon bond of the adjacent phenyl ring.
2. that only one isocyanide B could be isolated.

3. that the precursor A to the amine C probably is not an
isocyanide.

4. that the compound A is sensitive toward weak aqueous
acidic conditions (silica).

5, that the compound A reacts instantaneously with ethanol
under mild conditions.

Taking all these facts into account, the double insertion
product 5, 10-diazadipleiapentalene 1 was considered as a
likely candidate for the intermediate A. The observations
4 and 5 are readily explained recalling the predicted high
basicity on the nitrogens in 1 (introduction 3.1). Protonation
(aqueous acid) or strong hydrogen bonding (ethanol) on the
nitrogen may facilitate nucleophilic attack at carbon atom
11. Ring contraction, bond breaking, subsequent reaction
with or without solvent participation may lead to a 10-sub-
stuted cyclohept[blindole, Hydrolysis on silica would give
10-aminocycloheptblindole (3. 10).

X

Consequently the 6-isocyanbcyclohept [blindole would re-
present the always isolated violet isocyanide B. However,
less in agreement with this preliminary assignment were

the relative basicities of the amines C and D. When a
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solution of the product mixture obtained by irradiation of
2, 2'-diisocyanobiphenyl 11 was extracted with 2N hydro-
chloric acid, extraction of the aqueous layer with ether
after adjusting to pH 6-7 afforded the amine C only. The
isolation of the amine D from the aqueous solution required
adjusting to pH 10-12, This would favor the amine C to be
6-aminocyclohept[blindole, since intramolecular hydrogen
bonding would lower the basicity.

To learn more about the intermediate A an independent
synthesis of either 6-amino- or 10-aminocyclohept!{b]indole
was required.

3,2,1.3, Alternative preparative approach to
6-aminocycloheptlblindole

The initial route chosen for the preparation of 6-amino-
cyclohept[blindole was based on the amination of cyclo-
heptiblindole, since this material was available (Chapter II).
Attempted reactions with 90 percent hydrazine hydrate19,
or hydroxylamine?® were unsuccessful.

A second attempt consisted of the amination of cyclohept-
[blindole-6(5H)-one 17. The ketone 17 was synthezised as
outlined in scheme 3.11.

(e] o]
6 o O/NNHCGHS
_— -
13 14 5

3.11

1_7Ho 18 o

The condensation of cycloheptanone with ethylformate under basic conditions has been
described by Prelog, Ruzicka and Metzler?l, The preparation of the monohydrazone
of cycloheptadione 16 followed by a Fisher indole reaction to l-keto-2,3,4,5-tetra-
hydroheptindole 16 has been given by Treibs and Miihlstadt. Each reaction gave a
satisfactory yield. Both Pd(C)23 and chloranil?4 had been successful in dehydrogenating
5,6,7,8,9, 10—hexahydtocyclohept[b]indole. but failed to transform 16 into 17 in suffi-
cient quantities for isolation.

26



When sulfur? was used as a dehydrogenation agent, 17 could
be obtained in a yield of 28 percent. Amination®® of cyclo-
hept [blindole-6(5H)-one 17 with ammoniumacetate afforded
a trace of a red solid (Vc=0 1694 cm~1). Probably an (acetyl)
derivative, It was converted into an amine upon hydrolysis
with aqueous 6N HCl, which proved to be C from its ir
spectrum and a tlc plate. This was also an indication that
C corresponds to 6-aminocyclohept!blindole.

An indirect structure proof was found in the known con-
version of aminotropolones?’ into tropolones. Treatment
of the amine C with alkali in alcoholic solution gave 17 in
a yield of 74,5 percent. (3.12).

o) = Q
W2 N 3.12
18 17 H

2

These results excluded firmly that A is 5, 10-diazadipleia-
pentalene, since A was proved to be related to the amine C,
The reaction sequence can now be assigned (3.13).

O O = NHQ 313
PPah so

An attempted dehydrogenation of 6-amino-5,7, 8,9, 10-pentahydrocyclohept[b Jindole
21 with 10% palladium on charoal afforded a trace of cyclohept[b Jindolé 22, the
deamination product“®, but 6-aminocyclohept[ b Jindole 18 was not detected,

The introduction of the oxime function with hydroxyl amine hydrochloride$4 20 follo-
wed by the reductionof the oxime with lithiumaluminium hydride® 21 has been reported,

3.14
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3.2.1.4. Reactions with the c¢yclization pro-
duct A

3.2.1.4.1. 6-Formamido-cycloheptib] indole 23.

It was mentioned that work-up of the crude reaction mix-
ture from irradiated 2, 2'-diisocyanobiphenyl on silicagel gave
a trace of a red product E. This compound showed an ir
absorption for a carbonyl group at 1704 ecm-! and an amine
stretching vibration at 3279 cm-!. Treatment with acid
gave SB-aminocyclohept{blindole, which was also isolated
in large yield from the crude reaction mixture of irradiated
2, 2'-diisocyanobiphenyl by chromatography over silica, Con-
sidering the weak acidity of silica, it was assumed that
6-aminocyclohept[blindole had been formed via E from A.
Further attempts to detect F were carried out by extracting
the crude reaction mixture of the irradiated 2, 2'-diisocyano-
biphenyl with a weak acidic aqueous hydrochloric acid so-
lution (pH 2-3), Starting material was recovered from the
organic layer in 17.8 percent and careful work-up of the
aqueous deep red solution afforded a mixture of 10-isocy-
anocyclohept[b] indole 19 (B) and the product E, None of
6~ or 10-aminocyclohept[blindole could be detected from
the ir spectrum of the crude reaction mixture. The isocyanide
19 and the product E were separated by chromotography.
All spectroscopic data support the product E to be 6-for-
mamidocyclohept[blindole 23; however repeated elemental
analysis were not definitive, The mass spectrum (70 eV and
12 eV) indicated the proper molecular weight (M® m/e 222),
The low field protons observed in the nmr spectrum and
the correct integration for N-H and O=C-H supported the
assignment. The low intensity of the longest wavelength
band seen in the uv spectrum is also consistent with the
assignment 18, The N-H frequency in the ir spectrum is

a0 G

; \
23 .oNCHO 2% OHC

broad and does not show a shift in going from chloroform

to a potassium bromide pellet. This observation is also in

agreement with the amide structure and tends to eliminate

the conceivable isomeric structure 24,
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The N-formylamine 23 was converted into the amine 18 by
treatment with moderate acidic or basic aqgueous solutions.
On heating it decomposes also to the amine 18.32°

3.2,1.4.2. Reaction with sulfur,

Isocyanides are only slowly transformed into isothiocyanates
on treatment with sulfur in refluxing benzene.30 When sulfur
was added to the reaction mixture of 2, 2'.diisoyanobiphenyl,
afterthe irradiation was stopped, a reaction occurred. Exam-
ination of an ir spectrum of the crude reaction mixture in
the range 2200-2000 cm-l, revealed the presence of both
starting material 11, and 10-isocyanocyclohept[blindole 19,
which was later hydrolyzed and isolated as the 10-amino
cyclohept [biindole 12. But no absorptions could be ascribed
to isothiocyanates. The sulfurization product appeared to be
a cyclic thiourea 25, and was obtained in a yield of 37.3
percent, when corrected for recovered starting material.
The thiourea 25 was independently obtained from 6-amino-
cycloheptb]indole and thiophosgene in a yield of 14.7 per-
cent.

A+%BS, . . ,ES_C‘E. ,
- T O N Q N7 3.16
2% )—-N 18 NH,

S

About 60 hrs were required to complete the apparent sul-
furization of A at roomtemperature, The reaction of A with
sulfur, under conditions for which the other isocyanides
present in the solution are apparently not reactive, furnished
additional evidence that A is not an isocyanide.

3.2.1.4.3, Reaction with aniline.

In contrast to the immediate color change observed when
ethanol was added to the product mixture after irradiation,
a reaction monitored by uv absorption occurred on similar
treatment with aniline over a period of 60 hrs., The reaction
mixture was chromatographed over silica. The amount of
recovered starting material could not be determined precisely
because of poor separation from aniline. The 10-isocyano-
cyclohept[ blindole was eluted with benzene-chloroform (1:1).

Its resistance to react with aniline was verified in an inde-
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pendent experiment under identical conditions. Benzene-
chloroform (1:2) eluted 37 mg (30.6%) of formanilide, which
was identified by comparison of an ir- and uv- spectrum
with authentic data. Elution with ether-acetone (3:1) gave
68 mg (35.0%) of 6-aminocyclohept[blindole 18, identified
by comparison of an ir spectrum with authentic data. Chlo-
roform-ether (2:1) eluted a new compound, which is ten-
tatively assigned the structure of 6-anilinocycloheptib]in-
dole 50: 36 mg, mp 181-182°, wyy 3437 cm-1, M® (m/e)
270. Further support was found in the ms fragmentation by
loss of C;HzN to give F® 167 which corresponds to car-
bazole,

3.2, 2. IRRADIATION OF 2,3' — AND 2,4"'-DISOCYANOBIPHENYL.

Irradiation (254 nm, one and a half hour) of a solution of
either2, 3'- (10) or 2, 4'-diisocyanobiphenyl 30 in cyclohexane
gave within a few minutes a violet solution., The crude
reaction mixtures were chromatographed on a column of
silica.

The starting material 10 was recovered in 45,0 percent,
while two violet isocyanides (both showing v, . 2119 cm-1)
were obtained in yields of 16.4 and 57.3 percent (corrected
for recovered starting material). These products are iso-
meric with starting material as was revealed from an
elemental analysis and a low voltage mass spectrum (M®
m/e 204). The uv spectra (Chapter IV) support a structure
assignment for isocyanocyclohept(blindoles. Further evi-
dence was found in the easy hydrolysis to the amines by
dissolving each in benzene and shaking with 2N hydrochloric
acid, These amines are blue (Chapter IV).

NC
10 26 28 3,17
+
OO0 D=0
NC NC NFFNe N NH,
10 27 29

30



The amines were found to be insoluble in n-hexane, cyclo-
hexane, benzene and chloroform. Violet methylenechloride
solutions, when not degassed with nitrogen, turned dark
brown after several hours. This betrays an apparent sen-
sitivity toward air, We were not able to purify the amines
sufficiently for an elemental analysis. The amine related
to the major product was analyzed as the hydrochloric acid
salt,

From the 2, 4'-diisocyanobiphenyl 30 only one product could
be obtained, that showed the characteristics of a C-C inser-
tion product (¥ y=¢ 2114 cm-!). Starting material was re-
covered in 21.5 percent, while the product was obtained in
ayield of 78. Opercent, when corrected for recovered starting
material, Elemental analysis and a mass spectrum at low
voltage (M® m/e 204) revealed the product to be isomeric
with starting material. The uv spectrum supported again
the cycloheptiblindole structure.

NC 29 3.18
The 8-isocyanocyclohept[blindole 31 was quantitatively hy-
drolyzed to the amine. This yellow amine had poor sol-
ubility characteristics and could not be purified for elemental
analysis; however, the yellow hydrochloric acid salt was
analyzed. Atrace of anisocyanide compound (V¢ 2123cm-1)
different from both starting material and 8-isocyanocyclohept
Iblindole was obtained after elution with benzene-chloroform
(1:1), Sufficient quantities for further characterization were
not available; nevertheless it is tentatively considered to be
8-isocyanophenanthridine.

3.2.3, QUANTUM YIELDS

The product quantum yields were determined for isocyano
cyclohept[blindoles. Solutions of the corresponding ovtho
isocyanobiphenyls in cyclohexane (2,5 x 10-3 M) were irra-
diated at 254 nm under atmospheric conditions for 5 min
after which a reproducible conversion to 15-28 percent
product was found. The chemical yield was determined by
measuring the optical density at a fixed wavelength in the
visible region of the spectrum, Starting material does not
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absorb in this region. No indication has been found for the
presence of contaminants absorbing in the region 500-650
nm as was concluded from yield determinations at several
wavelengths within this region. Neither was detected from
the ir spectra of the crude reaction mixtures the presence
of isocyanates (oxidation products from the isocyanides).
Irradiation of 2, 3'-diisocyancbiphenyl afforded a mixture of
two products both absorbing in the visible region. The yields
were obtained by solving two equations with two variables
of the type,

€x1C) T €49 Cy = Ey

C, and C, concentrations; € x; and € yxg extinction cogfficients
of products at nx; Ex is the observed absorbance at Ax

The output of the light source was determined by using
potassium ferrioxalate as the actinometer (2.00 x 1016
quanta sec-l1 cc-1). Conditions for the actinometer were
carefully chosen as recommended by Parker and Hatchard. 3!
The results are given in Table 3,1.

The loss of 2-isocyanobiphenyl was determined gaschro-
matographically and found to be 14.5 + 0.4 percent., This
figure is in agreement with the yield of cyclohept(blindole,
14. 9 percent as determined spectrophotometrically (A, 527.5
nm; € 366).

TABLE 3.1

a. b [N f. +4 [3
[ o107 % % %, & products
Sttt lato)| B (aupnicate) o § ) sene)| fomtase)| %103 xi6*

10_ 8

¢ _s .
O 4’ 5.0 | 0.275(0.275) | 527.5(366) 3.77 | 1429 85.5 |3.77 | 1.84 O ) R
¥ Y

Wy 8-isocyano~
a44nocyano- 5.0 | 0.460(0.440) | 525 (326) 6,90 | 27.6 6.90 {345 | cyoroneptin)-
Piphenyl indole

15 (268)

; ( 1.75 7.0 1.7511.75 | 9~isocyano-

600 (164) eyclohept(b)-
o 1ndole

2,3% 0.330(0.390)
aite - 5.0 | d.
b!.ph::’y;.no 0.270(0.270)

515 (410 T=-isocyano-
3.78 | 15.1 3.78 | 3.78 cyl:lohﬂpt(b)-
600 (296} Indole
a. 10 of 2.5 107K irTadiated; b, B = al ns, see text; c. B at 515 nu; d. B at 600 ma;

e, wavelength at which E was red; f. concentration of product corrected to 10 ml; g. product quantum yield;
h. product quantum yield per available side of attack.
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3.3. Discussion.
3. 3. 1. RRADIATION OF 2, 2"~DIISOCY ANOBIPHENYL,

It has been shown that the isocyano-carbon in 2, 2'-diiso-
cyanobiphenyl inserts into an o7tho carbon-carbon bond of
the adjacent phenyl ring., The synthesis of cyclohept{blin-
dole-6(5H)-one 17 from 6-keto-5, 7, 8, 9, 10-pentahydro-cyclo-
hept[ b Jindole 16 and from one of the aminocyclohept] b Jindoles
(C, 18), obtained upon hydrolysis of the insertion product,
contributed to a structure assignment for an intermediate A,
A cyclic thiourea 25 was produced in another reaction between
A and sulfur. It was also prepared from the 6-aminocyclo-
hept[bJindole 18 by treatment with thiophosgene. Evidence is
against 6-isocyanocycloheptblindole as the structure for A;
however, A is likely isomeric with it. In a preferred rationa-
lization  initially formed 6-isocyanocyclohept(blindole pro-
duces a new isomer by cyclization conceivably stabilized by
resonance (3.19).

hy = S = Q)

Ar Ar Ar Ar
| | | |
N N N N
e . __ -
[NﬂN] —_— EN>. L1 EN>. - oo raen 3.20
| 33 | | |
Ar Ar Ar 34 Ar

The ylide is similar to 1, 3-diaryl-imidazolidinylides-2 known
as nucleophilic carbenes 34, The latter were proposed by
Wanzlick32 to explain reactions of the stable dimer 33.
Moreover the reactivity of this dimer parallels the reactivity
of A with sulfur and with water.

Thus Wanzlick found, e.g., that treatment of the dimer 33
(Ar = phenyl) with an excess of elemental sulfur at room
temperature in pyridine for 12 days gave a high yield, 85
percent, of 1, 3-diphenyl-imidazolidine-thione-2323, In another
experiment addition of water to the dimer (Ar = phenyl),
dissolved in boiling pyridine, afforded N-formyl-N, N'-diphe-
nylethylenediamine.32 Fromthe dimer (Ar =a-naphthyl)3¢ he
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was able to isolate 1, 3-di-a-naphthyl-imidazolidiniumchlo-
ride. Treatment with ammoniumhydroxide gave N-formyl-
N, N'-di-e@-naphthyl-ethylenediamine, These data support the
reaction scheme outlined below for the irradiation of the
diisocyanide and subsequent reactions of the products.

25. , _csc, . . : (: Ho
tZN-HCl /H:;':pH3)

o O \ O 3. 22

LA

i U I
=D

The presence of the proposed nucleophilic carbene 4 may
account for other observations. The apparent instantaneous
reaction with ethanol may proceed by 1, 1-addition (3.24).
Kirmse®® has demonstrated that in the reaction of diphenyl-~
carbene with ethanol initially a carbonium ion might be
formed followed by attack of methanol (3.23).

@
¢2CN2 CHq0H

$,C -CH-0OCH, (3.23)
The nucleophilicity of the divalent carbon atom in A may
have initiated a similar reaction sequence in which ring
opening gave the isomeric formimidine (3.24). Considering
the known sensitivity of formimidines® toward acid hydroly-

SeSHiv-e R

XH<= EtOH or GHN H, O 0

24
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sis, it was not unexpected that addition product(s) with etha-
nol were not detected after chromatography on silica.

The much slower reaction with aniline (3.24) furnished
more evidence for the apparent nucleophilic character of
A. The isolation of formanilide supported an attack of ani-
line on A. Subsequently or simultaneously a proton shift
and ring opening gave the formamidine. Here again uniso-
lated product apparently hydrolyzed during chromatography
on silica.3” The formation of 6-anilinocyclohept{b]indole
50 is believed to proceed from the formamidine rather than
from the corresponding 6-aminocyclohept(blindole, since
an independent attempt to prepare 50 from 18 and aniline
failed.®8

Whether the cyclization, which produces A, is a ground
state isomerization or a photon induced one is an open
question. In this context it must be remembered that a si-
milar ground state cyclization with an isocyano group in
B position has been found.3?

CH, N
X NN —— X 4 e
§ 0

It should be noted that a proper overlap of the lone pair of
the indolo-nitrogen with r-bonding of the isocyano group,
perpendicular to the aromatic 7~cloud in initially formed 6-
isocyanocycloheptiblindole is conceivable,

It was mentioned that Wanzlick generated his aminocar-
bene from a dimer, Some controversy has arisen concer-
ning the reactivity of these nucleophilic carbenes, and reac-
tion mechanisms have been proposed in terms of the free
carbene. 4l TL.emal and co-workers?! found no evidence
of any cross-over products by mixing 33A (Ar=phenyl) and
33B (Ar=p~tolyl) under various reaction conditions described
by Wanzlick. They proposed, that the reactions ascribed to
the carbene could be interpreted in terms of an electrophilic
attack on the 7-electron system of the dimer., This proposal
was supported by Winbergand co-workers4?, who could find
no evidence of cross-over products using more reactive ali-
phatic peraminoethylenes. Many other reactions have been
postulated as going via nucleophilic carbene intermediates
and have been reviewed by Kirmse and Hine*%4¢ An inter-
esting intermediate has been recently postulated in which the
vacant orbital of the carbene is also an integral part of an
aromatic system (3. 27). Cycloheptatrienylidine readily dimer-
izes to heptafulvalene 41,%

=)
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5-—* ©= — (3. 27)

3.3.2. 1SOMERIZATION OF ORTHO-ISOCYANOBIPHENYLS; HYDROLYSIS OF THE ISO-
CYANOCYCLOHEPT [ B] INDOLES

The isomerization of o07tho-isocyanobiphenyl into cyclo-
hept[blindole upon irradiation in cyclohexane as described
in Chapter II has been extended to 2, X'-diisocyanobiphenyls,
The yields are high. The isomeric isocyanophenanthridines
have not been found, Neither has the double insertion product
5, 10-diazadipleiapentalene been found upon irradiation of
2, 2'-diisocyanobiphenyl. The mechanism of the reaction has
not been studied. However, the reaction has been assumed
to be analogous to the reaction of methylene with benzene,
where a norcaradiene is an intermediate.*® A similar inter-
mediate N is presumably the result of the excitation and

J e e
QO-QL-O0

C
NC N¢ N

subsequent attack of the isocyano group, in which the relevant
orbitals of the terminal carbon are involved. The attack
may be conformationally dependent, i,e., favorably initiated
from an o7rtho-isocyanobiphenyl twisted around the pivotal
bond. The results of an irradiation of 0vfho-isocyanobi-
phenyls in which the 6- and 6'-position are tied together
by (CH,), could be helpful in elucidation of conformational
dependence on intramolecular cyclization.

Some support might be found already in the reported twisting
of 07tho-alkylbiphenyls4’ (Table 3.2), A considerable twisting
of the isocyanobiphenyls is anticipated by assuming that the
isocyano group is as bulky as a methyl group. Unfortunately,
the angle of twist in o7tko-isocyanobiphenyls can not readily
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be deduced from the uv spectra (Table 3.2). Nevertheless,
the hypsochromic shift of 2, 2'-diisocyancbiphenyl versus
2-isocyanobiphenyl suggests more twisting around the pivotal
bond for the 2, 2'-diisocyanobiphenyl.

TABLE 3.2

biphenyls

substituent Amax (nm) ©, deg 3
2 - methyl 2 235 58 10000
2,2' - dimethyl 2 227 70 6800 °
none 2 252 23 18300
2 - isocyano 247 11750
2,2' - diisocyano 23% 13900
2,3' - diisocyano 244 10350

a, H.H.Jaffé and ¥.0Orchin, "Theory and Applications of Ultraviolet
Spectroscopy", John Wiley and Sons, New York, 1962, p 404.
b. E.A.Braude and W.F.Forbes, J. Chem. Soc., 1955, 3777.

The isolated isocyanocyclohept{blindoles can be dissolved
in weak aqueous acid (pH 2-3) without undergoing rapid
hydrolysis. However, the corresponding amines are readily
obtained by dissolving the isocyanocyclohept[b]indoles is 2N
HCl. Protonation of the indole-nitrogen is expected to assist
in this hydrolysis, The color and melting points of the
aminocyclohept [blindoles and the aminophenanthridines are
compared {Table 3, 3). The color alternation for the amino-

TABLE 3,3

10 ) b o N

9, ;;’Oa L
7
€ N e 7
cyclohept(b)indole acridine

substituent color up color wp eolor mp
6 - anino - orangs 179 - 180 colorlesas 195.5 orange 105 ~ 106

7 - amino - blue > 220 pale yellow | 208 - 210 yellow 218
8 ~ amino ~ yellov 174 (dec) | pale yellow 203 - 204 orange 213 ~ 214

9 ~ amino - blue > 220 colorless 192 - 194 orange 180

10 -~ amino ~ yellow 170 (dec) pale yellow 143.5~ 144.5 | pale yellow 233

8. A.G.Caldvell and L.P.Valls, J. Chexm. Soc., 1952, 2156.
b. R.C.Elderfield, “Heterocyclic Compounds”, John Wiley and Sons, New York, 1952, Volume IV p 530.
The given numbering is not generally accepted, but used for convenience.
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cyclohept [blindoles is not unusual for substituted azulene

type molecules*® (Chapter IV). Being aromatic amines a
sensitivity towards air is not surprising. The poor solubility
of the aminocyclohept{blindoles in n-hexane, cyclohexane,
benzene and chloroform reveals a tendency to associate.
They are all soluble in ethanol or methanol. Only the 6-
aminocyclohept[biindole 18 has any appreciable solubility
in cyclohexane. This property must be related to intra-
molecular hydrogen bonding. An exactly analogous behavior
is demonstrated by the aminoacridines, which are all poorly
soluble in apolar solvents, except l-aminoacridine 51,49

3. 3. 3. QUANTUM YIELDS.

Forthe determination of the quantum yield a low conversion
of starting material into product is advised to avoid secondary
processes, e.g., absorbance of quanta by product with or
without chemical consequences. Since the extinction coeffi-
ciénts in the detection region (500-700 mm) for the products
is low (€ 250-400), a rather high conversion into products
was required. Alarmed by the photosensitivity of cyclohept-
[blindole, apparently more pronounced under oxygen free
conditions (Chapter II), solutions were irradiated under
vacuum and under oxygen. Reproducible results were obtained
under atmospheric conditions, without the exclusion of oxygen
(Table 3.1). A complication might have arisen if each iso-
cyanocyclohept{blindole had been oxidized under these con-
ditions to the corresponding isocyanate as has been found
by Boyer and Ramakrishnand0 in the irradiation of several
substituted isocyanobenzenes under oxygen. No evidence for
such a conversion was obtained upon examining the spectra
(uv and ir) of the crude reaction mixtures.

Unfortunately an adequate method could not be developed
for the determination of the guantum yields of the products
from irradiated 2, 2'-diisocyanobiphenyl. However, our ex-
periments consistently show a preferred attack of the ortho
isocyano group at the 1', 2'-ca.bon-carbon bond. If ‘similar,
yet unknown, factors influence product formation from 2, 3'-

38



diisoeyanobiphenylwe must conclude 7-isocyanocyclohept(b]-
indole to be the major product. Because of the few lines
of evidence for this assignment even a careful evaluation
of the numerical values of the quantum yields per available
side of attack (Table 3.1) in terms of a substituent effect
would be unjustified.

The numerical values of these quantum yields indicate
moderate efficiency, 0.01 < §; < 0.1, The easy spectro-
photometric detection of product supports the proposed use
of 2-isocyanobiphenyl as an actinometer,
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Experimental Part.
SEE FOR GENERAL REMARKS THE EXPERIMENTAL PART OF CHAPTER 2.
2,2' -DIAMIN OBIPHENYL (43)

A solution of 10 g (54,4 mmole) of 2,2' ~dinitrobiphenyl 46 (Aldrich Chemical Com-
pany) in 200 ml of absolute ethanol was shaken with 1 g of 5% palladium on pow-
dered charcoal in Parr's hydrogenation apparatus under an initial pressure of 40 psi.
After the calculated amount of hydrogen was taken up (15 min) shaking was contin-
ued for another hour, during which time no additional pressure drop was observed.
The catalyst was filtered off and the alcoholic solution gave on concemratmg in the
rotary evaporator 7.5 g (95%) of 43: mp 75-77° (ht.51 mp 78 -19%). The product is
free from 46 as far as could be judged by comparing ir spectra and tic plates of
product and 46.

2,2" -DIFORMIMODOBIPHENYL (44

A solution of 6.0 g (32.6 mmole) of 43 in 60 ml of 90% formic acid was kept at
reflux temperature for 3 hrs. The formic acid was distilied off and the residue made
free from acid by taking it up in chloroform and extracting with 2N sodium hy-
droxide. The chiloroform solution, dried (NagS0,), ﬁlrered and evaporated yielded a
sticky residue: ir (CHCly) 3383 (N-H), 1695 cm” (C-O) Colorless crystals of 44,
6.43 g (82%) were obtained from ethanol: mp 143-145° (lit.%2 145.8-146.4).

2,2' -DISOCYAN OBIPHENYL (11)

To a solution of 4.12 g (16.7 mmole) of 44 in 100 ml of methylenechloride and
7 ml of triethylamine were added 46 drops of phosgene (33-38 mmole). The solution,
in a three necked round bottomed flask (250 ml) fitted with a mechanical stirrer, a
regular reflux condensor and a cold finger condensor (dry ice-acetone), was kept be-
low 10°C by cooling in an ice-bath.
After addition of phosgene was completed, stirring was continued for another hour,
then water was added. The layers were separated and the non-aqueous layer is dried
(NagS0,), filtered and after removing the methylene chloride, the residue was taken
up in benzene, Starting material 44, 800 mg (19, 4%), and identified from its ir spec-
trum, fell out. Silicagel (Baker analyzed) was added to the remaining solution and
the residue, upon removing the solvent in the rotary evaporator, was put on top of a
silicagel column packed in n-hexane (150 g of silicagel; column diameter 1.5 inch)
and fractioned with solvent mixtures. Eluted with n-hexane-benzene (1:1) was 11.
Upon concentratmﬁ the solutmns 1.0 g (29%) of colorless needles were obtained: mp
110, 5-112° (lit. 101-104 ), uv max (cyclohexane) 233 sh (& 11900), 275 sh (&
950), uv max (methanol) 233 sh (¢ 14400), 270 sh nm (e 1460); ir (CHCly) 2128

(N=C), nmr (CDCly) 6 17.50 (narrow multiplet); mass spectrum (70 eV) m/e

(rel intensity) 204 (100), 203 (39), 178 (16), 177 (40), 176 (16).

Anal, Calcd for Cy4HgNg: 82.82; H, 3.95; N, 13.73. Found: C, 82,28; H, 3.95;
N, 13.16. )

With benzene-~chloroforn mixtures (1:1 to 1:3) was eluted 2-isocyano-2‘-formamido-
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biphenyl 45 in a total yield of 1.0 g (27%). An analytically pure sample was ob-
tained upon recrystallization from ethanol mp 106-107.59; ir (CHClg) 3378 w (N-H),
2119 m (N=C), 1695 str (C=0).

Anal.Caled for Ci4HNyO: G, 75.65; H, 4.54; N, 12.61; O, 7.19. Found: G,
75.39; H, 4.46; N, 12.61; O, 7.43.

IRRADIATION COF 2,2' -DIISOCYANOBIPHENYL (11) IN CYCLOHEXANE,

A, A solution of 250 mg (1.23 mmole) of 11 in 400 ml of cyclohexane was irradiated
for 4 hrs under a slow stream of nitrogen at 254 nm. After the solvent was removed
in the rotary evaporator, the residue, put on top of a column of silicagel packed in
n-hexane (diameter 1", lenght 10") was fractionated by eluting with solvent mixtures.
Starting material 11 was eluted with n-hexane-benzene (1:4) 44 mg (17.6%), and
identified by comparing an ir spectrum (CHCly) and tlc plate with the authentic da-
ta. Upon elution with benzene-chloroform (4:1) 3 mg (1.2%) of the red formamido-
cyclohept[b]indole 23 were obtained, followed by 55 mg (26.7%) of 10-isocyano-
cyclohept[b] indole 19 eluted with benzene-chloroform (1:1). An ir spectrum and
tlc plate for 19 gave identical comparison with coresponding authentic data (Experi-
mental C). Finally 6-aminocyclohept{b]indole 18 was eluted with ether-ethanol (4
:1) in a yield of 84 mg (42.9%). The amine 18 was purified for analysis by dis-
solving in refluxing cyclohexane, filtering the hot solution (leaving some dark material
on the filter) and recrystallizing the precipitate obtained upon cooling, from carbon-
tetrachloride, The orange solid sublimed (temperature 160-180°, pressure about 15
mimn) and showed a mp of 179-180° (sealed mp tube); uv max (benzene) 480 ( € 4000),
374 (e 12800), 352 (€ 15000), 316 (¢ 19800), 300 nm (& 26000); uv max (2N HCI)
413 (€ 6700), 328 (€ 8000), 270 (¢ 33000); ir (CHCly) 3484 str, 3355 str, 1600 str,
1580 str, 1524 w, 1468 m, 1458 str, 1414 w, 1385 str, 1344 str, 1316 m, 1307 cm ™t
m, nmr (CDCly) 6 8.60 (d, 1, J = 10 Hz), 8.27(d, 1, J = 8 Hz), 8.01-6.98 (m,
6), 6.01 (s 2, NHo); mass spectrum (70 eV) m/e (rel intensity) 194 (84), 193 (7),
168 (18), 167 (100), 166 (30), 140 (23), 139 (17), 97 (13), 96.5 (< 6), 83.5 (30),
83 (10), 69.5 (16), 63 (20).

Anal, Caled for CygH gNg: C, 80.37; H, 5.15; N, 14.43; mol wt 194,10, Found:
C, 80.22 (80.48); H, 5.39 (5.14); N, 14.38 (14.59).

B. A solution of 200 mg (0.98 mmole) of 11 in 400 ml of cyclohexane was irradi-
ated for 1 hr under conditions similar to those described in part A. The solvent was
evaporated, the residue dissolved in diethylether and extracted with 2N hydrochloric
acid. The ether solution gave, after drying (NagSO,), filtering and removing the sol-
vent, 33 mg (16.5%) of starting material. An ir spectrum and tlc plate showed a mix-
ture of 11 and 45, The aqueous layer, cooled in an ice-bath, was neutralized with
2N sodium hydroxide (to pH 6-7, pHydron indicator paper). Extraction with ether,
drying (NagSQy), filtering and concentrating afforded 73 mg (46%) of the amine 18
(identified by ir and tlc comparison with data of 18 from experiment A. The still very
yellow aqueous layer was further basified and again extracted with ether. After an
identical work-up procedure 45 mg (28.4%) of 10-aminocyclohept[b] indole 12 was
obtained. The material, insoluble in n-hexane, cyclohexane, benzene, slightly soluble
in chloroform and soluble in methanol or ethanol, was not satisfactory recrystallized.
The material appears to be too basic to allow elution from silicagel with regular
organic solvents but it was eluted in a reasonably pure state with diethylether-meth-
anol mixtures from basic aluminiumoxide (Merck): mp 200°C (turns dark from 170°)
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uv max (CH_Cl)) 440 sh (& 700), 403 (& 2600), 325 (¢ 32500); uv max (2N HCID
394 (¢ 4600); 305 (¢ 22500), 272 (& 20000); ir (CHCl,) 3509 w, 3401 m, 1626 m,
1618 str, 1575 m, 1447 w, 1399 str, 1305 m, (dmso-dg) & 8.97 (d, 1, J = 8 Hz),
8.83-7.37 (m, 7); mass spectrum (70 eV) m/e (rel intensity) 194 (100), 193 (25), 167
(70), 166 (30), 140 (35), 139 (28), 97 (39), 96.5 (26), 83.5 (39), 83 (26), 69.5
(35). A picrate derivative was prepared and recrystaliized from 10% aqueous acetic
acid and from ethanol as yellow needles: mp 229-230°.

Anal. Caled for G gHygNgOp: C, 53.91; H, 3.09; N, 16.55. Found: C, 53.33
(53.61); H, 2.93 (3.20); N, 16.23.

C. Two solutions of 204 mg (1 mmole) of 11 in 400 ml of cyclohexane were irradia-
ted under conditions described in part A. The combined solutions were extracted with
a weakly acidic hydrochloric acid solution (pH 2-3). The organic layer afforded on-
ly 72 mg (17.6%) of starting material 11 identified as before. The aqueous solution,
deep orange, was treated carefully with a 2N aqueous sodiumhydroxide solution to
cloudiness and extracted with ether. (Often a few more drops were required to leave
a colorless aqueous solution), The ether layer, deep red, was dried (Na2804), filtered
and concentrated. An ir spectrum of the residue revealed the presence of a mixture
of 10-isocyano- (19) and 6-formamidocyclohept|bjindole 23. Benzene-chloroform (1
:1) eluted 65 mg of 23 than 60 mg of 19 from a silicagel column (50 g, 1" column
diameter). The separation was not satisfactory as shown by ir. On elution with ether-
methanol (10:1) 80 mg (20.6%) of 18 were obtained (ir spectrum was identical with
ir spectrum of 18 obtained in experiment A. Compounds 19 and 23 were then succesfully
separated by preparative thin layer chromatography (Chromar Sheet 1000, Mallinckrodt)
using chloroform as eluent. The N-formylamine 23 recrystallized from n-hexane-ben-
zene (1:1) as 20 mg (4.7%) of small deep red needles: mp 115-140° (decomposes,
gas evolution); uv max (benzene) 500 (£ 1290), 380 (e 9130), 343 (e 17900), 308
o (e 25200); ir (GHClg) 3279 m, (N-H, broad), 1704 str (C=0), 1605 str, 1546 s,
1473 str, 1414 str, 1399 str, 1350 1 m, 1314 str, 1284 str, 71263 cm” m, ir (KBr) 3279
m (N-H, broad), 1681 str (C=0), “the remaining part of the spectrum showed no sig-
nificant absorption shifts in comparison with the absorptions from the spectrum taken
in chloroform; nmr (CDClg) & 9.87 (5, 1, N-H), 9.00 (5, 1, O=C-H), 9.30 (d, 1,
J=11 Hz), 8.85 (d, 1, J=8 Hz), B8.6-7.8 (m, 6); mass spectrum (70 eV) m/e (rel
intensity) 222 (14), 221 (14), 204 (13), 194 (95), 167 (100), 140 (17), 139 (14, 97
(19), 83.5 (23).

Anal. Caled for Cy4H{1)NoO: C, 75.67; H, 4.50; N, 12.61; O, 7.21. Found: C,
77.11 (17.01); H, 5.33 (5.02); N, 10.65 (11.11); O, 7.07. The fomylamine 23 in
a melting point tube was inserted for 10 minutes into an oilbath at 145° Both an
ir spectrum (CHClg) and a tic plate of the remaining material revealed the presence
of the corresponding amine 18 (tlc: Eastman Chromatogram Sheet 6060; eluens ethanol-
chloroform (2:1)), RF 20: 0.72, RF 13: 0.34). Compound 23 is easily hydrolyzed by
acid or base. In shaking a solution of 23 in diethylether (7 mg in 15 ml) for 90 sec
with 20 ml of an aqueous 0.25 N sodiumhydroxide solution, 23 was completely con-
verted into 18 as was shown after the usual work-up from an ir spectrum and tlc plate,
whereas shaking a basic aqueous solution (pH 10) for 10 min appeared to leave the
material 23 unchanged. The 10-isocyanocyclohept[b]indole 19 (30 mg from prep
tlc was obtained in long violet needles upon recrystallization from cyclohexane, 18
mg (4.3%): mp >300° on heating tuming black, as was observed on a Koffler-Heiz-
bank). uv max (benzene) 560 (¢ 400), 520 (¢ 380), 368 (¢ 4900), 369 (& 5600), 336
(= 25500), 824 (& 29500); ir (CHCLy) 2941 m, 2109 str, (NSC), 1613 str, 1592 m,
1577 m, 1475 m, 1443 m, 1385 str, 1319 cm™'m; nmr (CDClg) © 8.95 (d, 1, J=

42



8 Hz), 8.63 (m, 1), 8.30-7.37 (m, 6); mass spectrum (70 eV) m/e (rel intensity)
204 (100), 205 (28), 203 (41), 177 (33), 176 (18), 178 (18), 102 (15), 88.5 (15).

Anal, Caled for Gy HgNo: G, 82.37; H, 3.95; N, 13.72; mol wt. 204,13. Found:
C, 81.67(81.80); H, 3.93 (3.97); N, 13.47 (13.65). The material 19 withstands hy-
drolysis in weakly acidic solution (pH 2-3). Shaking with a strong basic solution also
produced no change as determined by the ir spectra of recovered material.

D. To the deep red-violet solution obtained after irradiation of 200 mg (1.0 mmole)
of 11 (part A) was added 100 mg (3.1 mmole) of sulfur. The solution was stirred for
60 hrs under nitrogen. A red precipitate was filtered off. Its ir spectrum (CHCly)
indicated mainly the cyclic thiourea of 6-a.minocyclohept[_b] indole 25, confimmed
by tlc. Similar data obtained from the residue of the filtrate revealed the presence
of 10-isocyanocyclohept[b] indole 19 and 11. The excess sulfur was removed by com-
bining the isolated mixtures and dissolving in ether, followed by extraction with an
aqueous 2N hydrochloric acid solution. The ether solution yielded 90 mg of solid ma-
terial (starting material as shown by ir and very likely sulfur), Crude 25, 71 mg (30. %)
was obtained from the aqueous layer after neutralizing the solution with aqueous
sodium hydroxide to pH 8 (pHydron indicator paper), extracting with ether, drying
(Nag80,), filtering and removing the ether under reduced pressure. The material was
purified both by chromatography over basic aluminum oxide (Merck) and eluted with
benzene-chloroform (1:1) and recrystallizing it from carbontetrachloride-ethanol (1:1)
by which method an analytical sample was obtained: mp 208 (dec) (orange-red nee-
dles); uv max (methanol) 483 (& 9700), 420 (¢ 5310), 325 (€ 7490), 281 (£ 11200),
242 (¢ 16100), 226 nm (€ 20000); ir (CHC13) 1661 m, 1582 w, 1486 m, 1453 m,
1443 str, 1422 m, 1870 w, 1348 str, 1316 str, 1300 w, 1267 str, 1124 m, 1020 cm ™!
W, nmr (dmso-dg) 6 7.43-8.87 (m); mass spectrum (30 eV) m/e (M%) 236.

Anal. Caled for Cy4HgNoS: C, 71.14; H, 3.41; N, 11.86; mol wt 236,30, Found:
C, 170.94; H, 3.54; N, 11,84,
The aqueous solution (pH 5) gave upon basifying with sodium hydroxide, extracting
with ether, drying (Nag8Q,), filtering and evaporating the ether, 25 mg (13.1%) of
10-aminocyclohept| bfindole 12, verified by comparison of an ir spectrum (CHClg)
and tlc plate with the data of 12 obtained in experiment B.

CYCLIC THIOUREA OF 6-AMINOCYCLOHEPT [b:l INDOLE (25).

To a solution of 50.0 mg (0. 258 mmole) of 18 in 10 ml of methylene chloride (dried
(CaClz) and distilled) and 1 ml of triethylamine (distilied from phenyl isothiocyanate)
were added three drops of thiophosgene. The mixture was heated to reflux and kept
at this temperature for half an hour, than cooled in an ice-bath, diluted with 50 ml
of diethylether and extracted with a 2N hydrochloric acid solution after basifying with
2N sodiumhydroxide and extracting with ether, drying (NagSQq) and removing the
solvent under reduced pressure, 16 mg of crude material was obtained. Both an ir
spectrum (CHCL,) and a tlc plate indicated the presence of 18 and 25 by comparing
with “authentic” data. The components were separated by preparative thin layer
chromatography (Chromar Sheet 1000, Mallinckrodt) and eluted with chloroform -ethanol
(41). The thiourea 25, moving fast with the solvent, could be isolated in a yield
of 9 mg (14.7%). Its identity was established by comparing an ir spectrum and tlc
plate with the authentic data.
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« -OXYMETHY LENCYCLOHEPTANONE (14)%

To an ice cold mixture of 1.10 mole powdered sodium methoxide (freshly pre-
pared) and 1.10 mole of ethyl formate (dried over anhydrous K. C03) in 1 liter of
anhydrous ether (Fisher Scientific Go.) was added 61.0 g (0.545 mole) of cyclohep-
tanone, ]2)4 51,4593 (lit. n%l 9 1, 4607), The mixture stood for 12 hrs at room-
temperature and was then treated with water. The aqueous layer was extracted with
ether and the ether layer was extracted with water. From the combined etheric ex-
tractions, 3.2 g (5.0%) of cycloheptanone was recovered. The ice cooled aqueous
alkaline solution gave upon acidifying with 20% aqueous hydrochloric acid, extraction
with ether, drying (NagSQ,) and evaporating of the ether 67.4 g (90. 8%) of crude
14, Distillation under reduced pressure yielded 55.2 g (72. 5%) of colorless 14: bp
58-60°/0.2 mm (lit. bp 55°/0.05 mm).

CYCLOHEPTADIONE-1,2-MONOPHENYLHY DRAZ ONE (_1_§)22.

A phenyl diazonium salt solution from 18 ml of concentrated sulphuric acid, 90
ml of water, 18 g (21.6 mmole) of aniline (distilled from Zn-dust), 126 g of crush-
ed ice and 13 g of sodium nitrite in 50 ml of water was treated with a concentrated
sodium acetate solution (50g/ 50 ml of water). At a temperature of O °C 20 g (14.3
mmole) of 14 was added dropwise with stiming. During the slow addition care was
taken to disperse an orange semi-solid mass as it formed. Stirring was continued for
another 15 min. The solvent was decanted and the residue dissolved in hot alcohol,
which gave upon concentration 15 g (48.2%) of 15: 53-54° (lir. 54-55°)

6-KETO-5,17,8,9,10-PENTAHY DROCY GLOHEPT [b]]NDOLE (1622

A solution of 10 g (4.6 mmole) of 15 in a mixture of 40 ml of acetic acid and 4
ml of concentrated hydrochloric acid was heated for 25 min on a boiling waterbath
under an atmosphere of nitrogen. The dark colored crystalline material was separated
by filtration in a sintered-glass funnel. It was washed with an ice cooled water-al-
cohol mixture and than with a large excess of water. Yellow plates were “eluted" by
benzenefrom a colﬁnn of sxhcagel packed in n-hexane. The yield was 5 g (54.3%), 16,

mp 149-151° (lit,”” mp 148 ) uv max (methanol) 311 nm (20200); ir (CHClg) 3436
str (N-H) 3300 w, 1626 cm ™! str (C=0); nmr (CDClg) § 9.46 (diffuse, 1, N-H), 7.
72-6.87 (m, 4, aromatic), 3,07 (m, 2, CH2-C=O), 2.82 (m, 2, =C-CH2); 1.96
(m, 4, (CHgy.

6-KETOXIME-5,7,8,9, 10 -PENT AHY DROCYCLOHEPT [b] INDOLE (20).

A mixture of 500 mg (2.5 mmole) of 2,3-indolocycloheptadone 16, 500 mg (7.2
mmole) of hydroxylamine hydrochloride, 5 ml of ethanol and 0.5 ml of pyridine was
refluxed on a waterbath for 90 min, The ethanol was removed under reduced pressure
and 5 ml of water were added. After cooling in an ice-bath the solvent was decanted
from sticky organic material. No starting material could be detected by tlc, The
residue was dissolved in benzene, dried {Nag80Q,) and concentrated. Upon adding n-
hexane, cooling and scratching 150 mg (28%) of 20 was obtained as colorless crystals:
mp 118-124° (n-hexane-benzene 1:2). Concentration of the mother liquid afforded

44



another crop of 124 mg, mp 116-124°C, a combined yield of 274 mg (51.2%). An
analytically pure sample was cbtained after recrystallizing twice from benzene-n-hex-
ane (2:1) and twice from CCl,: mp 1925.5-128.5° (colorless prisms and needles; uv
max (methanol) 304 nm (e 20400); ir (CHClg) 3570 str(O-H), 3448 str (N-H), 3279
m (bonded N-H), 939 cm'ls_t_r_(vN-O); nmr CDClg) 5 1.90 (m, 4, CHZ-CHZ), 2,97
(m, 4 allylic CHZ)' 7.26 (m, 4, aromatic), 8.07 (s, 1, sharp), 8.84 (diffuse, 1.)
the latter two vanish after addition of DgO.

Anal. Calcd for Cl3H14N20: C, 172.87; H, 6.59; N, 13.08; O, 7.47; mol wt.
214.27. Found: G, 73.13; H, 6.64; N, 13,28,

6-AMINO-5,17,8,9, 10 -PENTAHY DROCYCLOHEPT [b] INDOLE (2L).

A solution of 200 mg (0.935 mmole) of 20 in 100 ml of dry diethylether was re-
fluxed for 3 hrs with 100 mg of lithiumaluminum hydride. Following a procedure53
for precipitating inorganic hydroxides, 3 drops of water, 9 drops of 2N sodium hydro-
xide and again 3 drops of water were added. After filtration the colorless ether so-
lution was dried (NagSO,) and the ether removed. Both a tlc plate and an ir spectium
indicated some unreacted 20. The colorless sticky residue gave upon treatment with
carbon tetrachloride 16 mg of colorless crystals 21: mp 106-108°. From the mother
liquor apother 30 mg was obtained upon concentration, a combined yield of 46 mg
(25.7%). An analytical sample was obtained upon recrystallization from carbon tetra-
chioride: mp 111-112%; uv max (methanol) 284 am (& 7500); ir (CHClg) 3448 cm™1
(N-H); nmr (CDClg) § 1.79 (m, 8, <(CHg)g), 1.6 (s, 2, NHg), 2.90 (m, 2, allylic
CHyg) 58,9 (broad, 1, @H), ® 7.3 (m, 4, aromatic), 9 8.9 (broad, 1, N-H indole)
(Assignment of N-H protons is based upon integration and change in spectrum after
addition of DgO); mass spectrum (70 eV) m/e (rel intensity) 200 (50), 183 (100), 182
(80), 171 (22), 168 (36), 167 (22), 156 (16), 155 (20), 154 (20), 143 (12), 130 (20)

Anal, Caled for C13H16N2: C, 77.94; H, 8.06; N, 13.99; mol wt 200.29, Found:
C, 77.77; H, 8.02; N, 13.92

CYCLOHEPT[b:I INDOLE-6(5H) -ONE (17)%°.

A. A mixture of 195 mg (1.0 mmole) of 1-ox0-2,3,4,5-tetrahydroheptindole 16 and
64 mg (2.0 mmole) of sulfur in a small tube (8 ml) provided by a condensor with
gas outlet on top was immersed in a Wood"'s metal bath kept at a temperature
of 235°, The evolved gas was trapped in a gas buret. Within 7 min, 48.5 ml gas
was trapped (calc 48 ml). The reaction mixture was immediately removed from the
heating source and allowed to cool, The black solid mass triturated with 6N hydrochio-
ric acid and the insoluble part was washed several times with acid. The eombined
acidic solution was filtered, cooled in ice and neutralized with aqueous 6N sodium -~
hydroxide. A yellow precipitate was collected and dried by air, 75 mg (38.0%). The
material was purified by sublimation (220-230°, 15 mm) giving 55 mg (28.0%) of
bright yellow needles 17: mp 249.5-250.5% uv max (methanol) 402 (¢ 8824), 384
(= 6580), 336 (e 11780), 320 (& 15760), 308 ( € 16470), 275 (€ 21700), 225 nm (&
24000); ir (CHCl3) 3413 m, (N-H), 3175 m, (intramolecular H-bonding), 1618 st
(C=0), 1558 str, 1488 sur, 1449 w, 1418 m, 1404 m, 1376 w, 1326 cm ‘w; nmr
(dmso-dg) & 12.7 (5, 1, N-H), 8.38 (m, 2), 7.87-6.87 (m, 6); mass spectrum (70
eV) m/e(rel intensity) 195 (86), 194 (<c1), 168 (17), 167 (100), 166 (19), 140 (16),
139 (22), 97.5 (10), 83.5 (17), 70.5 (10), 69.5 (6).

45



Anal. Caled for C13HQNO: C, 79.97; H, 4.65; N, 7.18; mol wt 195,22, Found:
C, 79.93; H, 4.49; N, 7.28. Neither starting materiallg nor carbazole could be de-
tected in the black residue.

B. A solution of 60 mg (0.31 mmole) of 6-aminocyclohept b] indole 18 and 170 mg
of sodiumhydroxide in 4 ml ethanol-water (1:1) was heated under reflux for 15 hrs,
The solution was cooled and diluted to 25 ml with water and extracted with methyl-
ene chloride. The organic layer was dried (Na;S0,) and treated with 1 g of sili-
cagel, The residue, obtained upon evaporating the solvent, was put on top of a small
column of silicagel packed in n-hexane and fractionated with benzene-chloroform
mixtures. Chloroform eluted 45 mg (74,5%) of 17, The identity was established by
comparison of an ir- and uv-spectrum and a tlc plate with the authentic data, No
starting material was recovered by eluting with ether-ethanol mixrures.

6-AMINOCYCLOHEPT[b] INDOLE (18)26,

A mixture of 100 mg (0.5 mmole) of 17, 5 g of ammonium #cetate and 3 mil of
acetic acid was refluxed for 10 hrs (155-130°). The mixture was poured into water
and 75 mg (75%) of 17 fell out. The filtrate was basified, extracted with ether, dried
(NagSQy) and filtered. Evaporation of the solvent afforded about 5 mg of a red solid
material, ir (CHClg) 1694 (C=0), 1666 cm -1 (C=0 or C=N). The material was dis-
solved in aqueous 2N hydrochloride acid, heated for 90 min at 85-90° and gave
after the usual work-up procedure a trace of 18, established after comparing an ir
spectrum (CHC13) and a tlc plate with the authentic data.

CYCLOHEPT( b JINDOLE FROM 6-AMINO-5,17,8,9, 10~PENTAHYDROCY CLOHEPT[b]
INDOLE (21).

A solution of 175 mg (0.87 mmole) of 21 in 50 ml of decalin and 50 mg of 5%
palladium on charcoal'® was kept at reflux temperature for 14 hrs. Ether was added
after cooling. The ether solution was extracted with agueous 2N hydrochloride acid.
Cyclohept[b] indole 22 was detected in the aqueous acidic layer, after neuwralizing
with base, extraction with ether, drying (NagS0,) and evaporating the ether as was
shown by an ir spectrum and a tic plate. The yield was about 3 mg. The ether layer
containing decalin was not further investigated.

2,3’ -DINITROBIPHENYL (7)*2,

This was prepared according to Case and Idelson by adding with stirring 10 g (0.050
mole) of powdered commercial 3-nitrobipheny11 (mp 59-600) to 230 ml of ni-
tric acidll (69-71%; ACS-Standard). A side product, 3,4’ -dinitrobiphenyl was less
soluble in methanol and was removed by filtration. Colorless chalky crystals of 2,3'1-
dinitrobiphenyl 7, 4.0 g (32.6%) were obtained from the filtrate: mp 113-115° (1it
113-1159),

2,3' -DIISOCY ANOBIPHENYL (10)11.

Foliowing the procedure for the preparation of the N,N' -diformyl derivative of 2,2’ -
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diaminibiphenyl, the N,N' -diformyl derivative of 2,3’ -diaminobiphenyl was obtained
by reduction of dinitrobiphenyl 7 and formylation of the unisolated diaminobiphenyls.
The final product in the dehydration of N,N' -diformyl-2,3' -diaminobiphenyl 9 was
purified by colomn chromatography giving a yield of 1.8 g of 2,3' -diisocyanobiphenyl
10; 54.0% based upon 3.99 g (8.8 mmole) of the corresponding dinitrobiphenyl; mp
145-146% uv max (methanol) 280 sh (e 1540), 250 sh (€ 10400); uv max (cyclo-

hexane) 280 sh (e 860), 244 sh (e 10350); ir (CHClg) 2127 cm-:l str (gfg);nmr
(CDC13) 8 7.53(narrow muitiplet); mass spectrum (70 eV) m/e (rel intensity) 204 (100),
203 (25), 178 (16), 177 (44), 176 (25).

Anal. Calcd for C14H8N2: G, 82.37; H, 3.95; N, 13.72; mol wt 204,13. Found:
C, 82.32; H, 4.09; N, 13,55,

IRRADIATION OF 2,3' -DIISOCYANOBIPHENYL (10) IN CYCLOHEXANE.

A solution of 200,0 mg (1.0 mmole) of 10 in 400 ml of cyclohexane was irradi-
ated for 1.5 hr under conditions similar to those described in part A for the irradi-
ation of 2,2'-diisocyanobiphenyl. Analysis of the uv absorption for a sample taken
after 45 min revealed a conversion into 26 and 27 of 30x5 percent; after 90 min of
4545 percent. In the usual work-up (see part A) 90 mg (45%) of starting material was
eluted with n-hexane-benzene (1:1) and identified by comparison of ir spectra and
a tlc plate with those of authentic data. The isomers 26 and 27 were eluted with ben-
zene-chloroform (1:1); of one isomer 18 mg (9.0%), of the other 63 mg (31.5%), was
obtained. The product with the lower yield (minor product) was first eluted and gave
on recrystallizing from benzene transparant violet plates, mp>280°. The crystals darken
on heating around 210° in a Koffler-microscope, hot stage); uv max (benzene) 514
(e 280), 412 (€ 1900), 389 (& 4200), 373 (& 4600), 314 (& 33000), 302 (& 36000);

ir (CHCl§) 2119 str (N'"C), 1618 w, 1608 str, 1595 str, 1439 m, 1404 str, 1337 m,
915 cm ™' 'm, nmr (CDClg) © 8. 65 -6.87 (m); mass spectrum (70 eV) m/e (rel inten-
sity) 205 (23), 204 (100), 203 (26), 178 (13), 177 (31), 176 (16), 102 (15), 88.5
(18).

Anal, Caled for Gj4HgNg: C, 82.37; H, 3.95; N, 13.72; mol wt 204.13. Found
C, 82.46; H, 4.06; N, 13.88, The major product gave on recrystallizing from cyclo-
hexane tiny dark brown needies: mp>280°; uv max (benzene) 518 (€ 411), 410 (e
2400), 389 (& 4500), 362 (& 4700), 332 (= 16600), 322 (€ 20000); ir (CHClg) 2119
str (N=C), 1609 str, 1484 str, 1433 str, 1410 str, 1381 sur, 1368 m, 908 sir; nmr
(CDClg) © 8.60-6.78 (m); mass spectrum (70 eV) m/e (rel intensity) 205 (18), 204
(100), 203 (24), 178 (13), 177 (27), 176 (9), 102 (9), 88.5 (7).

Apnal. Caled for Cy4HgNy: C, 82.37; H, 3.95; N, 13.72; mol wt 204,13, Found:
C, 82.07; H, 4.17; N, 13.58. The isomers 26 and 27 were each hydrolyzed to the
corresponding amines by shaking its violet methylenechloride solution with aqueous
2N hydrochloric acid. The organic layer decolorized rapidly, while the aqueous layer
turned orange. Basifying with aqueous 2N sodiumhydroxide and shaking decolorized
the aqueous layer and gave the methylenechloride layer an intense blue color; uv
max (CH2C12) major product 28, 548 nm (about 1000) and uv max {CHoClg) minor
product probabie 29, 575 nm. The amines were isolated from the methylene chloride
layer by filtering and removing the solvent by evaporation; ir 28 (CHClg) 3497 w, 3401
s (N-H), 3215 w, 1626 str, 1495 str, 1397 m, 1366 m, 909 str, ir 29 (CHClg): 3484 W,
3401 str (N -H) 3205 w, 1631 su, 1618 str, 1585 str, 71563 W, 1477 str, 1429 m, 1403
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str, 1363 w, 1325 m, 1311 m, 1266 cm'lgg. Each amine melted above 220° (Koffler
microscope, hot stage). The amines where insoluble in n-hexane, benzene, cyclo-
hexane, slighty soluble in chloroform and soluble in methylenechloride, methanol
or ethanol. Purification by recrystallization was unsatisfactory. The amines were not
eluted from silicagel with regular organic solvents, but they were eluted with diethyl-
ether-methanol mixtures from basic aluminumoxide {Merck). The hydrochloride of 28
crystallized as orange needles from aqueous 2N hydrochloric acid and was recrystal-
lized from methanol-aqueous 2N hydrochloric acid (1:1); mp>>280°; mass spectrum
(70 eV) m/e (rel intensity) 195 (16), 194 (100), 193 (19), 167 (19), 166 (19), 140
(14), 139 (12), 97 (7), 83.5 (7).

Anal, Caled for C13H11N2C1-1.'75 HoO: C, 59.54; H, 4.23; N, 10.68; mol wt
262.22. Found: C, 59.54; H, 4.81; N, 10.66.

Anal. Caled for C13H11N2C1: C, 67.68; H, 4.81; N, 12,14; mol wt 230,70. Found:
C, 66.82; H, 4.72; N, 12.13 after dried to constant weight. (Micro-tech laborato-
ries, Skokie, Illinois determined the elemental content of this compound from a 2
mg sample after it was dried to constant weight on a hot-plate under atmospheric
pressure without a desiccant. A difference between two weighings of 0.05 mg was
considered evidence for constant weight).

2,4’ -DINITROBIPHENYL (47).

This was prepared following a procedure by Gull and Turnerld by adding 20.0 g
(0.1 mole) of commercial 2-nitrobipheny114 to 280 ml of concentrated nitric acid (d
1.416-1,424). 11 The yield of long pale yellow needles 47 was 6.4 g (26.2%) after
several recrystallizations from 95 percent ethanol: mp 92.5-93.5° (lit.13 mp 92.5-
93.59).

2,4' -DIISOCY ANOBIPHENYL (30).

The diamine and its diformyl derivative were isolated in crude form from product
mixtures obtained in reactions patterned after the preparation of the 2,2' -isomers, The
dehydration of crude amide was carried out according to the dehydration of the 2,2'-
isomer. After the usual work-up, 2.1 g (39.3%) of 30 (based upon 6.4 g of 2,4'-
dinitrobiphenyl (26.2 mmole)) was eluted slowly from a column of silicagel with n-

.1 @®_©
hexanebenzene (1:1) mp 94.5-95.5% (lir. 1197-98%); ir (CHCly) 2126 cm ™' (N= C);
mass spectrum (70 eV) m/e (rel intensity) 205 (23), 204 (100), 203 (27), 178 (13),
177 (27), 176 (18).

IRRADIATION OF 2,4'-DIISOCYANOBIPHENYL (30) IN CYCLOHEXANE.

A solution of 200.0 mg of 30 (1.0 mmole) in 400 ml of cyclohexane was imadi-
ated for 1, 5 hr under conditions described for the 2,2'-isomer. During the irradiation
aliquots were taken after 45 and 90 min. The solvent was evaporated from these sam-
ples under reduced pressure and the residue dissolved in 5 ml of benzene. Visible
spectra, max (benzene) 525 nm (€& 326), of these solutions revealed conversions in-
to 31, of 62 and 73 percent respectively. Irradiation was stopped after 90 min. The
irradiated solution upon concentration (about 10 ml of the solvent was left) gave 93
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mg of 31 as black needles. From this sample no starting material could be detected
either by ir or tlc analysis. Tlc showed only a trace of an impurity. Chromato-
graphy of the filtrate over silicagel yielded 43 mg (21.5%) of 30 which was eluted
with n-hexane-benzene (2:3) and characterized by ir and tlc in an identical com~-
parison with authentic data. An additional fraction of 31, 32 mg, was eluted with
benzene chloroform (1:1) bringing the yield of 31 to 125 mg (78%, when comrected
for recovered starting material). Prior to elution of 31 a dark band developed and
was also eluted with benzene-chloroform (1:1) to give about 3 mg of a semi-solid

material; ir (CHC13) 2123 cm~1 (?IE(QZ). This material was not further investigated.
An analytical sample of 31 was obtained upon recrystallizing from benzene. The long
transparant faintly violet plates tumed brown at 170° with no further change on
heating to 3200 by a Koffler-microscope, hot-stage; uv max (benzene) 523 (€ 324),

404 (e 3300), 389 (& 6650), 370 (¢ 6100), 322 (& 33700); ir (CHClg) 2114 str (358),
1613 m, 1477 m, 1408 str, 1366 w, 1330 cm'll_'p. nmr (CDClg) $ 9.13-7.66 (m);
mass spectrumm (70 eV) m/e (rel intemsity) 204 (100), 205 (20), 203 (24), 177 (24,
178 (10), 176 (14).

Apal. Calcd for Cq4HgNg: C, 82.37; H, 3.95 N, 13.72; mol wt 204.13. Found:
C, 82.52; H, 4.19; N, 13.88.

8-AMINOCYCLOHEPT [b| INDOLE (32).

A solution of 31,6 mg (0.15 mmole) of 31 in 50 ml of benzene [uv max (benzene)
525 nm (& 326)] was shaken in a separatory funnel with 50 ml of aqueous 2N hydro-
chloric acid for 2 minutes. The deep violet color of 31 in benzene dissappeared ra-
pidly, whereas the aqueous acid layer turned deep yellow. The layers were separated
and the organic layer was again shaken with 20 ml of acid. Aqueous layers were
combined and the yield of 32 was determined spectroscopically, 104% [uv max 2N HCD
392 nm (¢ 17100{'. The acid solution was basified and extracted with methylene-
chloride. The organic layer was dried (NagSO4) and filtered. The quantitative yield
of 32 was again checked spectroscopically, uv max (CH,Cly): 396 om (€ 7700). In
addition to these yield determinations 29 mg (96.5%) of tiny yellow needles were ob-
tained upon concentrating the methylenechloride solution. The amine 32 was eluted
in a further purification attempt with methapol from basic aluminum oxide (Merck)
and than digested several times with methylenechloride and very carefully filtered to
remove insoluble particles (apparently material from the aluminum oxide column).
Upon concentrating tiny yeliow needles were obtained: mp 174° (dec) (Koffler micro-
scope, hot-stage); uv max (CH2C12) 413 (£626), 396 (& 7700), 341 nm(e 32600);
ir (KBr) 2.93 su (N-H), 1656 m, 1613 str, 1592 str, 1570 str, 1548 m, 1497 w,
1471 m, 1410 str, 1350 m, 1328 m, 1311 m, 1272 w, 1232 str, 1203 str, 1130 w,
889m 858 w, 833 m, ‘782m 751 m, 712 w; nmr (drnso-dﬁ) 6 8.96 (d, 1, J-1le),
8.66(m, 2, 8.2 (d, 1, J=8Hz), 8. 01-7.47 (m, 3), 7.27 (d, 1, J=11Hz), each peak
a doublet J=2Hz); mass spectrum (70 eV) m/e (rel intensity) 194 (100), 195 (19), 193
(15), 167 (60), 168 (11), 166 (60), 140 (13), 139 (13), 97 (13), 83.5 (11). M® 194,
The hydrochloric acid sait 30a of 30 was prepared by shaking a benzene solution of
60 mg (0.29 mmole) of 31 with 50 ml of aqueous 2N hydrochloric acid. The acidic
solution was allowed to stand ovemight and yielded 42 mg (54.5%) of 30a as timy
bright yellow needles: mp>=>280°0; uv max (benzene) 392 (£ 17100), 332 (21400);
mass spectrum (70 e€V) m/e (rel intensity) 194 (100), 195 (20), 193 (15), 167 (70),
168 (10), 166 (30), 140 (15), 139 (15), 97 (12), 83.5 (10). M® (12 ev) 194.

Anal. Caled for CygH  N,Cl: C, 67.68; H, 4.81; N, 12.14; Cl, 15.37; mol wt
230,70, Found: 67.20 (67.12); H, 4.73 (4.84); N, 11.76 (12.03). 49



QUANTUM YIELDS.

Potassium ferrioxalate was used as the actinometer3l. The ferrous ions formed upon
irradiation at 254 nm of a 5.90 x 1073 M solution of the actinometer Were com-
plexed with 1.10-phenanthroline. The ferrous complex shows a characteristic absorp-
tion in the visible region, 7‘max 510 nm (€ 1.11 x 104) (Cary 14, UV spectrophoto-
meter). The spectrophotometer was calibrated with standard ferrous sulfate solutions
to which 1,10-phenanthroline and sodiumacetate buffer were added in recommended
quantities. The final pH was checked with a pH meter and if necessary adjusted to
pH 4.5, For concentrations in ferrous ions of 0.845 x 10 -5, 2,534 x 1075, 4,224 x
1075 and 6.756 x 1070 M, we found respective extinction coéfficients of 1.12 x
104, 1.14 x 10%, 1.13 x 10% and 1.00 x 10%, The preparation and use of potassium
ferrioxalate and the preparation of calibration solutions were dome under red light.
Samples of 10 ml from the standard actinometer solution were irradiated under vac-
uum (three freeze-thaw cycles were conducted with liquid nitrogen on a vacuum line
at 2 x 107 mm Hg). The solutions, in small quartz tubes (L.D. 1§ mm, lenght
17.5 cm), were put in a merry-go-round assembly in a Rayonet reactor equipped
with 16 mercury low pressure lamps emitting a narrow band of 264 nm light. After
an irradiation time of 30.0 and 60.0 sec we found a conversion of 1.25 x 103 respec -
tively 2.50 x 1073 M into ferrous ions. The quantum yield (1.25) allowed the cal-
culation of the intensity of the absorbed light. This was found to be 2.0 x 10%6 quan-
ta sec™l cc™l, Irradiation of the ortho isocyanobiphenyls was carried out under iden-
tical conditions as used for the actinometer, except for irradiation time and exclusion of
oxygen. Samples of 10 ml (2.5 x 10 -3 M) were irradiated for 5.0 minutes under at-
mospheric conditions without the exclusion of oxygen. After evaporation of the sol-
vent the residue was completely dissolved in & ml of benzene (volumetric flask). The
yield of insertion products was determined spectrophotometrically. Ir spectra in chlo-
roform of these mixtures (starting material and product) did not indicate the piesence
of an isocyanate, a product that might have been the result of a reaction between
isocyanocyclohept [b] indoles with oxygen. No attempts were made to determine the
amount of unreacted starting materials other than 2-isocyanobiphenyl. A yield of 14.
9 percent of cyclohept [b] indole was calculated from the uv spectrum ()‘max 521.
5, € 366), whereas a loss 14.5 x 0.4 percem of ortho-isocyanobiphenyl was calcu-
lated from integrated areas of several gaschromatograms compared with gaschromato-
grams from the standard solution. (Barber Colman: Flame lonization Gas Chromato-
graph, model 5320; column: stainless steel coil, 8 x 4“, 5% GE-XE-60 on Chromosorb~
G, 60/80 AW DMGS; temperature: 208°),
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CHAPTER IV

SPECTRAL DATA AND pK, VALUES OF PHOTOCHEMICAL
ISOMERIZATION PRODUCTS FROM ORTHO ISOCYANOBI-
PHENYLS.

4.1, Introduction.

Of the spectral properties of the isocyano group extensive
studies have been reported about the ir specira only. The
ir stretching frequency of the isocyano function!, at 2120-
2150 cm™l, has been found to be sensitive to the polarity
of the solvent? and its ability to form a hydrogen bond with
the isocyano carbon®. A slight frequency decrease has been
observed when strongly electron withdrawing p-substituents
were introduced in phenylisocyanide4. No detailed studies
of uv spectra have been made,%%

Besides these spectral properties, the mass spectra and
pKa, values will be discussed for the isocyanocyclohept b] -
indoles. Further a comparison of the pK, values of the a-
minocyclohept [b|indoles with the isomeric amino-acridines
seemed of interest. A comparison with other model com-
pounds, like the amino-azulenes is lacking, because only the
1-, 2- and 6-substituted amino-azulenes® are known and no
spectral data or pK, values seem to be reported. To our
knowledge no examples are known in which an isocyanide
group is attached to a seven-membered ring, which is part of
an aromatic system.

4.2.1. MASS SPECTRA OF ORTHO ISOCYANOBIPHENYLS AND THEIR PHOT OCHEMI-
CAL ISOMERIZATION PRODUCTS.

The mass spectra of phenyl- and e-naphthyl-isocyanide

have been studied by Zeeh®. The main feature of fragment-
ation in these compounds is the loss of HCN. A similar
fragmentation is observed for 2-isocyanobiphenyl.
The 2,'-diisocyanocbiphenyls lose two molecules of HCN.
An additional feature in the spectra of ortho-isocyanobi-
phenyls is the abundance of the (M-1)® fragment, which
has not been found for either the phenyl- or e -naphthyl-
isocyanide.

Because photochemical and electron impact processes are "
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Table 4.1.

a b |
Compounds Mass Spectrum IR Spectrum
Fregments n/e 205 | 20% | 203 | 178 | 177 | 176 | 150
i
Relative Intensity <-.m'1 solvent
2,2'-diisocyancbiphenyl 22 | 100 39 16 L0 16 1 2122 CB:13
10-1isceyanocycloheptiblindole] 28 | 100 | W1 18| 33 18 10 | 2109 CHL,
2,3'-diisocyancbiphenyl 19 { 100 25 16 |1 25 12 2127 cm:LJ
T~ isoeyanocyclohept[b Jindole 18 | 100 o4 1% 27 9 10 2119 CHC:
2113 ey
9-1socyanocyclohept{b Jindole 23 | 100 26 13 31 16 13 2119 cx!::l3
2,h' di1socyancbiphenyl 23 | 100 27 13| 27 18 12 2126 <:x=x::13
8-1socyanocyclohept[b Jindole 20 | 100 ok 10 ol 14 10 2114 cml3
a. Only fragments with a relative intensity >10 are reported.
b. Stretching vibration band of the isocyanogroup.
Tabel 4.2.
Compounds Mass Spectrum
Fragments m/e 180 179 178 | 152 151 89.5 89
Relative Intensity
Cyclohept[ b]indole 23 100 29 17 15 15 29
2-TIsocyanobiphenyl 16 100 28 28 o) 6 8
Phenanthridine 15 100 18 15 10 5 2.5
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often parallel, it is of interest to examine the spectra of
the isomeric cyclohept[b] indole and phenanthridine. The
fragmentation of these compounds is similar to that of iso-
meric 2-isocyanobiphenyl, i.e., occurrence of (M-l)e) and
a fragment due to the loss of HCN, The loss of HCN has
also been reported for similar molecules like pyridine and
quinoline.? Noteworthy is the occurrence of the doubly charged
ions at M/e 89.5 and ™/e 89 (M and (M-1)™"). The rel-
ative intensity of (M-1)** for cyclohept[b]indole (29 per-
cent) indicates that upon loss of hydrogen from M® a very
stable species has been formed, which subsequently may
lose another electron upon electron impact. This process
appears to be preferred above double impact of the molecu-
lar ion of cyclohept]:b:l indole (Table 4.2). The feature is
reversed for phenanthridine as can be seen from the figures
in Table 4. 2. Moreover, the loss of a hydrogen atom from
phenanthridine is less probable than it is from the isomeric
2-isocyanobiphenyl and cyclohept[b]indole.

In rationalizing these observations the following mechanism
may describe the "fragmentation' of cycloheptl:b] indole. It
is assumed that the proton at the 6 position plays an impor-
tant role. Its easy loss from ¢, followed by the isomerization
into highly stabilized ¢, eventually with the loss of a sec-
ond electron upon electron impact,f, is conceivable.

QL= GO

m/e 179

H/ J&H

m/e sg f 4J)

Whereas the (M-1)T+ fragment from 2-isocyanobiphenyl
may be due to an initial isomerization into cyclohept[}:z} in-
dole from which a proton is lost, this route is certainly
not the major one for other fragmentation reactions (like the
loss of HCN) as may be deduced from a comparison of the
relative intensities of the fragments obtained from each i-
somer (Tabel 4.1). A mechanism for the loss of HCN simi-
lar tothat proposed for e-naphthylisocyanide may apply (4. 2).
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The mass spectra of the isocyanocyclohept [b]indoles
show a similar fragmentation pattern., Doubly charged ions
are observed for (M-1)*Tand (M-HCN)**,i.e., at ™/e 101.5
and M /e 88. 5 with intensities of <5 and< 18 percent respecti-
vely. The fragmentation to (M-1)"also occurs easily (24 per-
centor more). The occurrence of ™M /e 176 suggests that upon
loss of hydrogen and subsequent isomerization into an iso-
cyanophenanthridine cation e, the elements of HCN are lost.

It should be remembered that upon irradiation of 2,3'-di-
isocyanobiphenyl two isomeric isocyanocyclohept [b] indoles
were obtained. The major product was assigned to be 7-
isocyanocyclohept [b] indole, as reported in Table 4.1. Ad-
ditional evidence for this assignment is found from the mass
spectrum, i.e., the low relative intensity for M/e 176 (9
percent). This is rationalized by the fact that HCN is lost
in a non-random process® consisting of combination of the
CN radical with an ovtho hydrogen atom. Since in 7-iso-
cyanocyclohept [b] indole only one ovtho hydrogen is present
in the (M-1)® fragment (e), the M/e 176 fragment is ex-
pected to have half the intensity of the other isocyanocyclo-
hept [b] indoles, whenthe statistical factor was product deter-
mining, This expectation is surprisingly well borne out by
the data in Table 4.1. An alternative explanation for the
low intensity is found in the subsequent cyclization of (M_l)e
to a highly stabilized molecule g,

-;ei O O —> O (1..3)
N%C +N: f\{% g N= CéN

4,2,2. OPTICAL SPECTRA OF ORTHO ISOCYANOBIPHENYLS AND THEIR PHOTOCHE-
MICAL ISOMERIZATION PRODUCTS.

The ir stretching vibration frequencies of the igocyano-
group in chloroform have been recorded for the diisocyano-
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The UV spectra of the isocyanocyclohept[b]indoles taken in benzene, For convenien-

ce the spectra of the substituted cyclohept |:b:|indoles have been shifted upward each
time over one log unit,
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biphenyls and for their photochemical isomerization products
(Table 4.1). For the diisocyanobiphenyls this band is con-
sistently found at lower wavenumbers in comparison with
phenylisocyanide (2132 cm-!) in the same solvent® (ortho
effect). Similar observations have been made by Ugit

In the isocyanocyclohept[b]indoles it shows up at even
lower wavenumbers. This is ascribed to a relieve of triple
bond character due to participation of mesomeric structures
of the type j.2%4

(=] e -]
EC:&——»R-N=C:€——>R=N=C: (4. 4)
i i

The importance of a contribution from such a structure is
increased when the isocyano group is attached to an aromatic
seven-membered ring, which may accommodate negative
charge.

For 7-isocyanocyclohept[b] indole this band is found at

2119 cm=-! in chloroform and at 2113 cm-! in carbon tetra-
chloride. The shift to a higher wavenumber in chloroform
is likely due to hydrogen bonding of the solvent with the
terminal carbon of the isocyano group.
Charge alternation over thecarbon atoms of the seven-mem -
bered ring is possibly responsible for the variation in the
observed wavenumbers for the isomers.!! An additional
interaction with the pey»i hydrogen may account for the lower
wavenumber found for 10-isocyanocyclohept[b]indole (2109
cm-1),4

The uv spectra in benzene of cyclohept|b|indole and the
isocyanocyclohept [b] indoles are giveninfiguré 4.1. Azulenes
and substituted azulenes show in the visible region of the
spectrum a transition of low intensity. In apolar solvents
the transition has a remarkable fine structure. This band
has been considered as diagnostic for azulenes.'? Alkyl
substitution may cause a hypsochromic or bathochromic
shift of the absorption band in the visible region, depending
on the position of the substituent.’® %  Similar effects have
been observed for otherwise substituted azulenes.}? Further,
uv spectra of phenyl substituted azulenes show fairly small
bathochromic shifts only (of the order of a few hundred
em-l), indicating that the mesomeric effect of the phenyl
group is small in all positions.* An inductive effect of
the phenyl group when attached to azulene is not expected.
Theoretical evaluations in terms of inductive and meésomeric
effects have shown that the color alternation relative to the

unsubstituted molecule is mainly due to the inductive effect
58 :
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of the substituent.'® These regularities allow the following
generalization, Substituents which have mainly an inductive
effect upon the azulene system show either hypsochromic
or bathochromic displacements of the long wavelenght band,
whereas substituents with a major mesomeric interaction
with the azulene give rise to bathochromic shifts only.

A comparison of the spectra of fig.4.1 clearly indicates
that the isocyano substituted cyclohept [_b] indoles absorb at
longer wavelenght than unsubstituted cyclohept[b]indole. Thus
the conclusion must be that the mesomeric effect of the
isocyano group predominates over the inductive effect in
this transition. From a MO approach!® it has been shown
that the frequency shift év with respect to the position of the
equivalent absorption of.the parent compound and caused by
the inductive effect of the substituent obeys in a first order
approximation the relation:1®

§v = (Cpi® - Cred S ar/h (4.5)

in which, Cgs and Cyzq; are the coefficients of the atomic
orbitals of atom R in the highest occupied and lowest un-
occupied MO of the unsubstituted molecule; 8o, is the change
in Coulomb integral on atom R upon substitution of a par-
ticular substituent. If the substituent is more electronega-
tive than the aromatic carbon R (i.e. an electron with-
drawing substituent)ée p Will be< 0; for an electron-donating
substituent (a less electronegative substituent) oz =>0. A HMO
treatment for cyclohept [b:lmdole2 gave the terms G and
SR?; The deduced terms CR.7 -Cg¢ are reported in Table
Considering only the inductive effect of the isocyanide func-
tion (SozR<O) one predicts upon substitution at the 6-, 8-
and 10-position of cyclohept[b]indole ((Cl%.7 - C%G )>0) a
bathochromic shift and at the 7- and 9-position a hypso-
chromic shift (Table 4.3.). Although not very pronounced,
this trend (superimposed on the bathochromic shift, due to
the mesomeric effect) is revealed by the absorptions for
the isocyanocyclohept [b]indoles (Table 4.3.). The Amg 518
nm observed for 7-1socyanocyclohept[b] indole versus A

514 nm for 9-isocyanocyclohept [b] indole furnishes addltlonal
evidence for the proper assignment of products obtained
upon irradiation of 2,3'-diisocyanobiphenyl (Chapter III).
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Pable 4.3,
UV mexime of isocyanc- and amino substituted cyclobeptiblindoles a

B
Axzn.x (e) cﬁ’fz - cR52 cAvcalc )‘culc )‘mx ()
nm em-! am observed nm

6-1s0cyans - +o0.9 | +2670 | w0 | 480 ®ooo)* | 6-amino
7-1socyanc 518 (410) - 0.060 - 85 | 522 | 548 (+1000)°| 7-amino
8-1socyano 523 (324) + 0.212 + 2920 436 13 (625)° 8-amino
9-1socyano 514 (280) - 0.038 - 520 | 514 | 575 (-)® 9-amino
10-1s0cyano 520 (380) + 0.160 +2200 | 450 | k208 (700)° 10-amino
cyclohept{blindole | 500 (%66) 500 (%6)¢ | eyelohept[blndole

a. For numbering see Table L4.h.

b. Codéfficlents obtained from HMO calculations using kN = 0.5 and ch = 1 (see introduction Chapter III).
¢. Equation 4.5.; Sap/h (NH,) = + 13750 (ref. 16).

d. Solvent benzene.

e. Solvent 0}12(:12 .

4.2.3, pK, VALUES OF THE ISOCYANOCYCLOHEPT[BJINDOLES,

For three isocyanocyclohept [b:] indoles pK , values have
been determined in methanol-water (1:1) (Table 4.4.). The
values are lower than was observed for the parent com-
pound cyclohept[b]indole. Since it is very likely that pro-
tonation occurs at the indolo-nitrogen atom, these resulis
reveal an inductive effect of the isocyano group. How far
hydrogen bonding of the solvent with the terminal carbon of
the isocyano function will additionally enhance the inductive
effect and consequently influence the basicity of the indolo-
nitrogen atom can be hardly estimated. In this respect it
should be kept in mind that hydrogen bonding diminishes
mesomeric contributions of the type j (4.2.2.):

4,3,1., SPECTRA OF THE AMINOCYCLOHEPT[b] INDOLES.,

The sign of the observed shifts in the uv specira of the
aminocyclohept [b] indoles is in the expected direction as can
de deduced from the sign of (CR72 - CR62 } (Table 4.3.) and
the sign of the Coloumb term. (Godfrey and Murrell’® re-
ported for -NH,, § @, /h=+ 13750). The calculated shifts by
using these figures and equation 4.5 are given in the same
table. Although the agreement is rough, the trend of the
values is more or less the same in the observed and cal-
culated results. Only the 6-amino isomer seems fo be ano-
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malous. It must be kept in mind, that the amino substituent
is known to exert a considerable mesomeric effect, which
may well invalidate a treatment by the formula 4.5. On the
other hand the discussion given earlier on the role of mesome-
ric substituents (causing a rather small and not very different
bathochromic shift) may be the reason for the agreement.
A subsequent factor which is responsible for a certain im-
pricision in the measured values is the loss of fine struc-
ture in our compounds. The long wavelenght band of 6-
aminocyclohept[b]indole is not only found at an unpredicted
position, but also the extinction coefficient is higher than
expected and also higher than found for the other isomers.
The latter are .in the right order of magnitude for an azu-
lene type transition. The anomaly of the 6-amino isomer
is undoubtedly due to the interaction of the substituent with
the indolo-nitrogen atom.

Not much can be said about the ir and the complex nmr
spectra. It is noteworthy that 7-aminocycloheptl:b indole is
unstable in dimethylsulfoxide, about the only solvent in which
it is soluble to an appreciable extent (other solvents tried
were deutero-acetonitrile and deuteropyridine).

The mass spectra show the expected fragmentation into
carbazolem/e 167and so do the hydrochloric acid salts. 1819

N}E_Cev -

mie 194 m/e 167 (4.6)

4.3.2, THE pK, VALUES OF THE AMINOCYCLOHEPT[}_:)]INDOLES.

The pK, values for cyclohept [b] indole and aminocyclohept
[b indoles are given in Table 4.4. A comparison of the pK,
value of cyclohept [b] indole with those of phenanthridine and
acridine emphasizes again the electron donating character
of the seven-membered ring. The basicity of the amino-
cyclohept [b] indoles is in the same order of magnitude as for
2-amino~- and 5-aminoacridine. Since the anti-bacterial pro-
perties of the latter have been ascribed, in part, fo their
high basicity 17 it would be of interest to study similar prop-
erties of the former. The lower basicity of 6-aminocyclohept
[b]indole is ascribed to intramolecular hydrogen bonding
and is in this respect comparable to the value observed
for l-amino-acridine”’ (Table 4.4).
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Experimental Part.

The determinations of the pK, values were carried out by means of a Sargent-Welch
(model LS) pH meter, mechanically-stirred solutions of the bases (16-20 mg) in 50%
aqueous methanol (26 ml)being titrated with 0,05 N-aqueous hydrochloric acid at 26-
279C under a stream of nitrogen; the pK, values were read from the titration curves
at half-neutralization points.

The ir spectra were obtained on a Perkin-Elmer 237B grating infrared spectrophoto-
meter and were calibrated with polystyrene (1602 cm=l)., The reported values for
VN=C are accurate to within 3 cm™l. Chloroform used as a solvent was of spectro-
photometrical quality (Raker Chemical Co.).

The uv spectra were recorded on a Cary 14 spectrophotometer. Benzene or methy-
lenechloride used as a solvent were of spectrophotometrical quality (Fisher Scientific
Co.). The mass spectra were obtained on a Perkin-Elmer 270 mass spectrometer at
70 eV and 12 eV.
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CHAPTER V

THE FORMATION OF PHENANTHRIDINE UPON IRRADIATION
OF ORTHO-ISOCYANOBIPHENYL, AND METHYL-N-(o-BIPHE-
NYLYL)FORMIMIDATE

5.1. Introduction.

Having shown that the isocyano group on excitation behaves
as a carbenoid species by inserting into the aromatic carbon-
carbon bond of the adjacent phenyl ring of o-isocyanobiphe-
nyls, we extended our search in order to obtain evidence of other
carbenoid properties of the terminal isocyano carbon atom on
excitation.

The isocyano group can easily undergo a-addition with suit-
able molecules HX, with or without a copper catalyst. 1,2 It
seemed therefore of interest to irradiate o-isocyanobiphenyl
in methanol, The anticipated product would be methyl-N-(o-biphe-
nylyl)formimidate 2.%4

M%)H' = =)

NC ) N=CHOMe N H

1 £ 3 H OMe
5.1

No examples have been found in the literature in which the pho-
tosensitivity of the formimidate group had been investigated.
However, in analogy with the known cyclization reactions of sy-
stems containing a hexatriene skeleton subsequent formation of
3 was considered as a possibility.® The photochemical cycliza-
tion of stilbene 4 to phenanthrene 6 in the presence of an oxidant
can be considered as a representative example, in which an in-
termediate dihydrophenanthrene 5 has been shown to be formed, 18

N iy ox.
T () ()
H H

5 8 6.2

i~
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Detailed reviews of the photocyclization of stilbene type com-
pounds have been published.*

5.2. Results and discussion.

5.2.1. IRRADIATION OF ORTHO-ISOCYANOBIPHENYL.

When o-isocyanobiphenyl 1 was irradiated (254 nm) in metha-
nol for about 50 hrs, only two compounds could be isolated from
the crude reaction mixture upon chromatography on silica, i.e.,
starting material 1 and phenanthridine 7. For both the identity
was established by comparing ir spectra, gaschromatograms and
tle plates with similar data from authentic samples. The precise
yields were determined gaschromatographically from a solution
of 8 mmole of o-isocyanobiphenyl 1 in 400 ml of methanol, which
was irradiated for 57 hrsg at 254 nm, It was found that 51 per-
cent of o-isocyanobiphenyl 1 was left and that 25 percent of the
reacted starting material 1 was converted into phenanthridine 7.
This conversion was monitored by ir spectroscopy with inter-
vals of 19 hrs, The ir spectra revealed an initial formation of
cycloheptlblindole, All the bands in these ir spectra (region
1700-1300 ecm™ ) could be assigned to either o-isocyanobiphenyl
1, phenanthridine 7 or cyclohept(blindole 8. No absorptions were
shown indicating the formation of the formimidate 2. After 57 hrs
of irradiation a characteristic band for cyclohept{blindole 8 at
v 1404 cm™ (str) had disappeared. (The region around this
band is free from bands due to other products). The instability
of cycloheptiblindole 8 in methanol toward prolonged irradia-
tion was confirmed by irradiating cyclohept [blindole 8 in metha-
nol independently. The formation of phenanthridine or acridine
could not be detected.?® Evidently cyclohept(blindole 8 is not an
intermediate in the transformation of o-isocyanobiphenyl 1 into
phenanthridine 7.

1 NC 7 N (5.3

While no formimidate 2 was detected as an intermediate du-

ring the transformation of 1 into 7, irradiation of the formimi-
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date 2 under similar conditions in methanol gave besides reco-
vered starting material 2, phenanthridine 7 and o-aminobiphenyl
9Saswas revealed by comparing ir spectra and gaschromatograms
ofthe ecrude reaction mixture with similar data of authentic samp-

les.

(The formimidate was prepared according to a general method described by Roberts? in a
yield of 55.4 .percent, while a side product N,N'-bis<(o-biphenylyl)formamidine was ob-
tained in a yield of 19.6 percent; see experimental part)

2 (5.4)

Since o-aminobiphenyl 9 was not found as a product in the
reaction mixture from irradiated o-isocyanobiphenyl 1 these re-
sults furnish additional evidence against the formimidate to be
an intermediate in the transformation of 1.

In rationalizing these results it was realized that phenanthri-
dine might have been formed by a direct insertion of the isocy-
ano carbon into the C-H bond of the adjacent phenyl ring. This
would parallel the C.C insertion of the isocyano group upon ir-
radiation of o-isocyanobiphenyl in cyclohexane. Alternatively
a mechanism was considered in which protonated isocyanide 23
is the key compound (5.5), Isocyanides are known to form
"strong" hydrogen bonds™® with the terminal carbon atom.®

YAV O Wy
\\\ N=C—H N

10 “\H—o’ ‘H 23 7 (55)
The latter mechanism would give rise to the formation of deu-
terated phenanthridine upon irradiation of o-isocyanobiphenyl in
methanol-d. Direct insertion, however, would of course not give
any incorporation of deuterium from methanol-d. Alternatively
an intermediate 23 may react with the solvent to the formi-

midate 2.

A ground state intermediate like 23 is very probably opera-
ting in the hydrolysis of o-isocyanobiphenyl to o-N-formyla-

*A Av of 127 ecm™! (ir spectrum) measured from the free peak of methanol at 3635 em "}

and hydrogen bonded methanol to 1 is in agreement with the values reported for other iso-
cyanide-alcohol systams.5 ‘
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minobiphenyl in analogy with the established hydrolysis mecha-
nism of fert-butylisocyanide.!” Upon shaking an ether solution
of the isocyanide with 2N-hydrochloric acid, no phenanthridine
had been formed, as was shown after basifying and gc analysis
of the residue of the ether layer.

A solution of o-isocyanobiphenyl (6 mmole) in 400 ml of me-
thanol-d was irradiated for 64 hrs at 254 nm. Column chroma-
tographic separation of the residue on silica gave 53.6 percent
of unreacted isocyanide 1. From the reacted amount (46.4 per-
cent), 29.1 percent was found to be converted into phenanthri-
dine and 8.2 percent into cyclohept(blindole. The ir spectrum
of the purified phenanthridine indicated deuterium incorporation
(Ve.p 2220 em™), This was confirmed by nmr spectroscopy and
mass spectroscopy. The nmr spectrum revealed incorporation
of deuterium at the 6-position (5 9.22).7 Comparing integrated
nmr peak areas for H-6 and H-1,10 in samples of authentic
phenanthridine with product partially deuterated at the 6-posi-
tion gave a ratio D/H = 1,23 + 0.16. In addition the isotope
ratio was determined from mass spectra. A plot of peak heights
for "M®'" at m/e 180 versus m/e 179 obtained from a solid
sample gave a straight line with a slope of 1,23, which after
natural abundance isotope correction gave a ratic D/H = 1,09,
Combining the data, somewhat over 50 percent deuterium incor-
poration was found.

Under otherwise identical conditions, the isocyanide gave a
higher yield of phenanthridine and a lower yield of cycloheptlbl-
indole when partially converted by irradiation over a short pe-
riod in methanol rather than in methanol-d, After irradiation
for 2,0 and 3.5 hrs in each solvent, the amount of phenanthri-
dine formed in methanol averaged 1.65 + 0.07 times the amount
formed in methanol-d. In the same experiment the amount of
cyclohept[blindole was increased about three fold in methanol-d.
Further it was found that the loss of starting material is rough-
ly the same in methanol and methanol-d (Table 5.1).

The results, described in the last paragraphs, indicate at

least that another mechanism than a direct insertion is opera-
ting., A mechanism consistent with the data is the following:
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Crf

hv g

QO=Q0 =

1 Q’N\“c 10 @\‘\

e @ "0—0/

— OO~ —
N ON=
37 HD) 7 (56)

2 Y B gy HO

For partial substitution of hydrogen by deuterium in the 6-po-
sition of phenanthridine, solvent participation, presumably by .
hydrogen bonding to the excited isocyanide 1, is required.’ Since
the predominant isomerization in the absence of hydrogen bon-
ding transforms 1 into 8, it is assumed that cyclization must
be concerted with or follow initial hydrogen bonding,* Further,
C-H bond formation at carbon with simultaneous bond breaking
from oxygen of the methanolic hydrogen (deuterium) apparently
controls the faster formation of phenanthridine in methanol. Hy-
dride transfer, concerted with or following cyclization, generates
a required intermediate 11 from which hydrogen and deuterium
compete for separation from the same ring carbon atom.

Dissociation of hydrogen (deuterium) could lead directly to
phenanthridine; however, isomerization into a weaker conjugate
acid of phenanthridine by transferring a proton (deuteron) to the
adjacent nitrogen would be expected and is supported by the iso-
tope ratio for the product. The low value of 1.09 or 1.23 is in
agreement with a non-linear transition state 12 for an intramo-
lecular transfer!® Dissociation of the conjugate acid 13 gives
phenanthridine 7.

In the foregoing discussion it was assumed tacitly, that the hydrogen found at the 6-po-
sition in phenanthridine, when 1 was irradiated in methanol-d, originates from the adjacent
phenyl ring and not from the solvent, This raises directly the question whether an ionic- or
radical mechanism is operating, since in the latter case hydrogen from the CHg group of

*Indole could not be detected in the unidentified product mixture obtained by the irradiation
of o-tolyl isocyanide in methanol. The appa =nt inability for isocyano carbenoid insertion
into a C-H bond of the adjacent methylgroup tends to confirm the absence ‘of cyclization
from 1 by isocyano carbenoid insertion into the ortho C-H bend.
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methanol is expected to be introduced. In an ionic mechanism O-D breakage is favored over
C-H breakage, whereas for homolytic bond breakage an energy of 92 keal/molel? is required
for H-CHgOH and 102 kcal/mol for H-OCH3.13 An example illustrating the preferred C-H
breakage is found in the photoreduction of, e.g., benzophenone in isopropylaLlc::v::hol.19

H

Pg-C=0" + (CHg)g-GL p—> @o-COH + (CHg)g-C-OH

(CHg)g-C-OH + @p-C=0 ——» (CHg)g-C=0 + @,-C-OH

The preferred ionic mechanism is supported by not finding glycol.l1

Alternatively cyclization of o-isocyanobiphenyl prior to sol-
vent participation would lead to an intermediate carbene 14 (5. 7).
The carbene might stabilize in several ways, either directly to
phenanthridine 7 or to cycloheptiblindole 8. A competitive sol-
vent participation in the formation of phenanthridine from 14
would eventually explain the partial deuterium incorporation;
however, less obvious in such a description is that (almost) no
phenanthridine was found on irradiation of o-isocyanobiphenyl in

cyclohexane (Chapter II).

QP- e
N—-'GH 1% \N/

The relative differences in the rate of formation of products
are ascribed to interaction of the isocyanide with the solvent,
apparently via hydrogen bonding.®

5.2.2. THERMAL ISOMERIZATION OF ORTHO-ISOCYANOBIPHENYL.
A hot ground state}® has been considered to be responsible

for either the formation of cycloheptlblindole or phenanthridine
from o-isocyanobiphenyl upon irradiation at 254 nm in either
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cyclohexane or methanol. The behavior of o-isocyanobiphenyl
wag therefore investigated at elevated temperatures in a protic
and a non-protic solvent,

Using diphenylether as the solvent, o-isocyanobiphenyl was
rapidly converted quantitavely into o-cyanobiphenyl 15 (5.8).

(5.8)

Such a rearrangement is not new and has been extensively stu-
died for similar systems by Rabinowitchl4 and Casanova.l®
When glycol was used as the solvent, the rearrangement is ap-
parently not the only process. Besides o-cyanobiphenyl, o-ami-
nobiphenyl and o-formamidobiphenyl could be detected (See expe-
rimental part).

Since no phenanthridine nor cycloheptliblindole was formed at
elevated temperature (ilg boiling glycol about 200°C, and boiling
diphenylether about 260 C) it is believed that a hot ground state
is not involved in the isomerization of o-isocyanobiphenyl into
8 or 7 on excitation. Of course it is realized that even higher
vibrational groundstate levels may be involved. But these are
apparently not reached under the applied conditions.

5.2.3. FORMATION OF PHENANTHRIDINE UPON IRRADIATION OF METHYL-N-(o-BIPHE-
NYLYL)-FORMIMIDATE.

When methyl-N-(o-biphenylyl)-formimidate 2 was irradiated in
methanol at 254 nm, two products were detected, and identified,
i.e., phenanthridine and o-aminobiphenyl (5.4). Several lines of
evidence were obtained to exclude the formation of phenanthri-
dine through the intermediate formation of o-isocyanobiphenyl,
i.e., @-elimination of methanol and subsequent isomerization.
Irradiation of the formimidate in methanol-d afforded no phenan-
thridine-6-d. The ir spectrum of the isolated phenanthridine did
not show a characteristic C-D band at 2220 c¢m™!, neither did a
mass spectrum indicate any deuterium incorporation. This ob-
servation furnished evidence that phenanthridine does not ex-
change deuterons (protons) with the solvent (methanol-d) and
also that the formation of phenanthridine here follows a quite
different route.
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Support for a different mechanism is also found in the following
observations,

2. When irradiation of the formimidate in methanol was stopped,
the solution had adopted a red color, which vanished gradually
within twenty-five minutes. The red color could be regenerated
by exposure to 254 nm light.

b. A solution of the formimidate (8.4 mmole) in cyclohexane
(500 ml) was irradiated under a stream of nitrogen for 37.5 hrs
at 254 nm. The yield was determined by gaschromatography
with disc integration. It appeared that 47.1 percent of the for-
mimidate was lost, which was quantitatively converted into phe-
nanthridine.

O O cyclohexane
hv (254 nm)
2

=CHOMe 7 N== (5.9)

The conversion in cyclohexane was monitored by gaschromato-
graphy with disc integration for solutions of equal concentration
and identical conditions under nitrogen and oxygen. The results
are depicted in fig, 5.1 and fig., 5.2,

The graphs show clearly the faster reaction under oxygen.™
c. A solution of the formimidate in diphenylether was heated for
17 hrs under reflux (temp. 260-270°). Analysis of the cooled
solution by gle with disc integration revealed that no starting
material was lost.

A mechanism consistent with these data is the following (5.10),

"M\ -0

e N \

" ROUTE Il

‘OMe

(5.10)

*These graphs are similar to the graphs obtained by imadiation of o-isocyanobiphenyl in cy-
clohexane under oxygen and nitrogen (Chapter II). There, the difference is ascribed to coating
of the glass wall, This was not observed in the irradiation of the formimidate in cyclohexa-
ne. Moreover the quantitative conversion tends to eliminate that these differences are due
to.unknown material, absorbing a high percentage of the light, formed by irradiation under Noi
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Two geometrical isomers of formimidates have to be consi-
dered, i.e., the anli isomer 2A and the syn isomer 2B.

Moriarty et al. have recently published a configurational stu-
dy on O-methyl imidates2) NMR data have been reported for
members of the series of cyclic O-methyl imidates from ring
size five to sixteen as well as for four open chain derivatives
18-21,

OCH,
/-\ C/OCH;, /\ ﬁ/ 3 R=CH, 18
(CHy), i CHyn i oy R=CH 18
NN 74N =N\g R=CH, 20
HNy CH, CHO R p . oH o
n=2.8 n=9-13

From these data, together with the results obtained from a nmr
study of their conjugated acids, it has been deduced that the an-
ti isomers for 18-21 are configurationally stable., Moreover,
nmr spectra of 18 and 19 were found to be invariable with tem-
perature over a range of -100 to 120°C, which could indicate a
high barrier (> 23 keal mole } A chemical shift of §=3.73 ppm
was found for O-CHj in 19, whereas 18 showed a shift for O-CHyg
of 6= 3,50 ppm. The difference of 0.23 ppm results from the
diamagnetic shielding due to the anisotropy of the phenyl in the
configuration drawn in 19.

A nmr spectrum of methyl-N-(o-biphenylyl)formimidate in
chloroform at 40°C showed only one absorption for the protons
of the methoxy function at § = 3,73, indicating that under these
conditions only one isomer is present. We have not studied the
temperature dependence of the nmr spectrum for this formimi-
date. However, it is conceivable that the formimidate possesses
the anii configuration 2A in analogy with the O-methyl imi-
dates.

Photocyclization of the anfi-isomer would proceed according
to the Woodward Hoffmann rules (assuming that these are valid
for hetero-atomic systems) in a conrotatory manner.’® The ex-
pected intermediate in the formation of phenanthridine is the cy-
clization product 16, in which the leaving groups, H and OMe,
are frans to each other, Supporting evidence for the formation
of such an intermediate is found in the phenomenon described
under a, Similar observations have been made upon irradiation
of stilbenes?' and 1, 2-di-(3-thienyl)ethene. * The color has
been ascribedtothe quinoid dihydro-cyclization products. The dis-
appearence of the color has been ascribed to thermal or pho-
tochemical reversion into starting materials.?? ‘
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From the results upon irradiation of the formimidate under
oxygen and nitrogen under identical conditions it is deduced that
photocyclization is not the only process. From the fact that oxy-
gen does not quench the reaction (5.10), the formation of phe-
nanthridine probably does not proceed via a triplet. A compe-
ting process gradually suppresses the formation of phenanthridine
under nitrogen, This process, in which apparently a triplet is
involved, occurs to a lesser extent in the presence of oxygen
and is probably a photochemical isomerization of the anfi isomer
into the syn isomer in analogy with the well known {7ans-cis
(or cis-trans) isomerization of stilbene.?® Upon prolonged irra-
diation a photostationary state will be reached.

Photocyclization of the sym-isomer would give in a conrota-
tory manner®® the cyclization product 17, in which the leaving
groups are CiS to each other, Elimination of methanol in for-
ming phenanthridine is at best expected to be less favored in
comparison with the isomer 16 in which the leaving groups are
trans to each other., Moreover, there is evidence that phenan-
thridine is not formed at all by route II,

Thermal cyclization of the formimidate is expected to pro-
ceed in a disrotatory manner'® according to the Woodward-Hoff-
mann rules. The expected cyclization product of the anfi formi-
midate over a long period of time in boiling diphenylether did
not produce any phenanthridine. In fact the formimidate did not
give any product (experiment described under c). This in itself
is evidence for the correct assumption that the prepared formi-
midate possesses the anli-configuration,

In summarizing these results it is concluded that upon irra-
diation of the formimidate in cyclohexane two main processes
are competing. First there is the cyclization to 16 with subse-
quent elimination of methanol. The cyclization apparently pro-
ceeds via a singlet state. Second, a triplet induces isomeriza-
tion of the anii formimidate into the syn isomer from which con-
ceivably no phenanthridine is formed. It is not impossible that
phenanthridine built up along route I (5, 10) sensitizes the isome-
rization of the amfi isomer into the Syn isomer. By irradia-
tion under oxygen the isomerization of the anli-isomer may be
less efficient by triplet quenching.

This picture accommodates very well the assumed high inver-
sion barrier of the amnli isomer into the Syn isomer. A low bar-
rier would not enhance product formation by oxygen quenching
of the anti-syn isomerization (it is assumed that the anti isomer
is thermodynamically favored). An example of a low inversion
barrier has been found in anils,?® Irradiation of anil under oxygen
did not produce any phenanthridine.
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It has been shown that the CiS-I¥ans$ isomerization of anil is
extraordenarily fast, the half life of the cis isomer being about
1 sec at room temperature;?6:27 thus, although frams-(22) is
known to undergo photo isomerization to €£8-(22), the photostatio-
nary cis/tvans concentration ratio has been found to be extremely
small except at low temperature.

More data are required to substantiate the proposed mecha-

nism, which is based mainly on well known and established phe-
nomena, The fact that no 6-methoxyphenanthridine was found
might indicate the favored methanol elimination from 16 over
the loss of two hydrogen atoms by oxidation. However it is al-
ternatively quite well possible that route II (5.10) is not involved
at all,
A comparison of the bond stengths of H-CH,C,H; and C H CH,-
OCHg reveals that homolytic bond cleavage of methoxy is fa-
vored over hydrogen cleavage (bond strength CqH;CHy-H = 85
kcal / mole, bond strenght CyzH;CH,-OCHj, = 66 keal/mole).?
If these data are applicable to an intermediate like 16, the ab-
gence of the formation of 6-methoxyphenanthridine can be under-
stood. The higher yield under oxygen is then explained by oxi-
dation of 16, It is hoped that the proposed mechanism will serve
as a valid working-hypothesis for further experiments.
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Experimental Part.

IR spectra were obtained on a Perkin-Elmer 237B grating infrared spectrophotometer. NMR
spectra were obtained on a Varian A 60, a spectrometer working at 60 Mc/sec, with tetra-
methylsilane as an internal standard. The chemical shifts are reported in ppm in the §scale,
the tetramethylsilane peak is defined as §=0. UV spectra were recorded on a Cary 14 spec-
trophotometer. Hexane or methanol of spectrophotometric quality, supplied by J.T.Baker
Chemical Co,, was used as solvent. Mass spectra were obtained on a Perkin Elmer 270,
Gaschromatographic analysis were carried out on a Barber Coleman Flame Ionization Gas-
chromatograph model 5320 using a 8 x % stainless steel coil packed with 5% Ge-Xe-60 on
Chromasorb-G, 60-80 AW DMGS (supplied by Nuclear Chicago), with nitrogen as carrier
gas. The column temperature in the experiments was 210-220°C. A flow rate of 60-70 ml
min-1 was used. The temperature of the injection port was about 250°C and of the detector
about 280°C, The retention time for phenanthridine was about 6-6.5 min. Conditions through-
out one experiment were kept constant. For column chromatography silicagel (Baker analy-
zed, J.T.Baker Chemical Go) was used. The irradiations were carried out in a Rayonet RPR
100 photochemical chamber reactor (Southern New England Ultraviolet Co.) equipped with
16 low -pressure mercury 2537 2 lamps. Cyclohexane (Baker, spectro grade) used as an ima-
diation medium, was always distilled from lithiumaluminum hydride straight into the quartz
irradiation tube. Methanol was treated with magnesium activated by iodine and distilled. 28
The deuterated methanol was used without further purification (Diaprep Inc. supplied CH3zOD
with a minimum of 99 percent isotope purity) but was checked on its purity by nmr spec-
troscopy (better than 99 percent). Solutions, when irradiated under nitrogen (Matheson, high
purity grade) were degassed with a heavy stream of nitrogen previous to imadiation, The ni-
trogen was dried over Molecular Sieves and Drierite. Elemental analysis were carried out by
Micro- Tech Laboratories Inc., Skokie, Illinois, U.S.A.

Melting points and boiling points are uncorrected. Melting points were determined in a sili-
cone oil-bath unless otherwise stated.

PHENANTHRIDINE -6( 5H) -THIONE, 29

A mixture of 5.6 g (0.034 mole) of phenanthridine-6(5H)-one (Aldrich Chemical Co.),
10 g of phosphorus pentasulfide and 100 ml of pyridine was heated under reflux for two hrs.
The reaction mixture was poured into 300 ml of water and the precipitated yellow solid was
separated by filtration, washed thoroughly with water and recrystalized from aqueous dime-
thyiformamide, The yield was 5.2 g (72.5 percent), mp. 280-282,5 (lit.2® mp 281-283°;
1it. 29 yield 94 percent)

PHENANTHRIDINE2?,

A mixture of 1.5 g (0.0070 mole) of Phenanthridine-6(5H)~thione, 6 g of Raney- Nickel
(weighed wet) (W.R.Grace and Co., So. Pittsburg Tenn., Raney active catalyst no. 28) 15 ml
of dimethylformamide and 15 ml of ethanol was heated under reflux for two hours. The slightly
yellow solution was filtered and the filtrate acidified with hydrochloric acid and evaporated
to dryness under reduced pressure. The residue was recrystallized from aceton-water giving
720 mg (56.6 percent) of phenanthridine mp 99-101°C (iit.29 106°C), Yield lit. 95 per-
cent. Phenanthridine purified by sublimation gave a mp 103,5-105°,

IRRADIATION OF ORTHO-ISOCYANOBIPHENYL IN METHANOL.
A solution of 1.410 g (8.0 mmole) of o-isocyanobiphenyl was irradiated in methanol for
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57 hrs at 254 nm under nitrogen. Aliquots were taken at intervals of 19 hrs. IR-spectra of
the residues in chloroform revealed upon comparison with authentic materials the formation
of phenanthridine and cyclohept[b]indole. Characteristic absorptions from cyclohept[b]indole
had disappeared after 57 hrs of irradiation, The yield of phenanthridine and the amount of
remaining starting material were detemmined by gaschromatography with disc integration. The
yield of phenanthridine was detemmined by using an absolute calibration method, 51.0 per-
cent, whereas the amount of starting materialwas determined by using phenanthridine as an in-
ternal standard, 24,8 percent. Additional to the detection of phenanthridine by ir and gle,
its formation was confirmed by tlc.

IRRADIATION OF ORTHO-ISOCYANOBIPHENYL IN METHANOL-D,

A solution of 1,104 g (6.2 mmole) of o-isocyanobiphenyl in 400 ml of methanol-d was
irradiated for 64 hrs at 254 nm under a stream of nitrogen. The methanol-d was distilled
off and the residue chromatographed on silica. Eluted with n-hexane-benzene (2:3) was 592
mg (53.6 percent) of starting material, identified by ir spectroscopy. With benzene-chloro-
form (3:1) was eluted impure partly deuterated phenanthridine 149 mg (29.1 percent correc-
ted for recovered starting material). Its ir spectrum was identical to an ir spectrum of authen-
tic material except for an additional band at 2220 cm™1, ascribed to a C-D stretching vibra-
tion mode. The deuterium incorporation was confirmed by the nmr and the mass spectrum
of the purified material. Phenanthridine (partly deuterated) sublimed (85-90°, 0.1 mm) as
a colorles solid mp and mixture mp 103,5-1050 (lit. 7 1049); ir CHClz: 2220 cm™! (C-D);
nmr (CDClg): §9.22 (s, 0.5, H-6); 8.50 (m, 2, H-1, 10) and 8.28 to 7.45 (m, 6). (it ”
3 9.06 (s, H-6), 8.43 (m, H-1,10).

From the nmr spectrum of an authentic sample of phenanthridine was found H-6/H-1,10
0.98/2.0, For the product partially deuterated at the 6-position was found H-6/H-1,10 =
0.44/2.0, The ratio (0.98-0,44)/0.44 = D-6/H-6 = 1,23 (+ 0.16).

Spectra were taken from the partly deuterated sample and from an authentic sample at about
equal concentration at similar setting of the instrument (Varian A-60). For each sample H-6
was integrated 8 to 10 times and compared with the integration for H-1,10. In addition the
isotope ratio was determined from mass specira. At the applied low ionization potential (12
eV) no fragmentation was observed. A plot of peak heights for M® at m/e 180 versus m/e
179 obtained from the solid sample gave a straight line with a slope of 1.23, which after
natural abundance isotope correction gave a ratio D/H = 1,09, The slope was determined
from 13 points by a TR 4 computer using the method of least squares. An isotope correction
for m/e 180 due to M "179" for thirteen carbon atoms and one nitrogen was made. Only
a very small peak was addirionally observed in the mass spectrum at m/e 178 (12 eV, re-~
lative intensity 5), and is ascribed to the loss of hydrogen from undeuterated, and deuterium
from partly deuterated, phenanthridine, No correction was made forthe loss of hydrogen from
the deuterated molecule. But if m/e 178 is due to a mainly random fragmentation of hy-
drogen from the undeuterated molecule a correction should be made on m/e 179 for the ran-
dom loss of hydrogen from phenanthridine~6-D, The correction is than less than five percent.

Finally 42 mg of cyclohept[b] indole (8.2 percent, corrected forrecovered starting mate-
rial) was eluted with chloroform and characterized by ir spectroscopy.

IRRADIATION OF CYCLOHEPT [b]INDOLE IN METHANOL.
A solution of 55 mg (0.30 mmole) of cycloheptfblindole in 450 ml of methanol was ir-
radiated under nitrogen at 254 nm, The loss of cyclohept[b]indole was monitored by uv spec-

troscopy by taking aliquots after 1, 2, 5, 8 and 24 hrs. The reacted quantities of cyclo-
hept[b] indole amounted to 2, 4, 7.5, 11.3 and 95 percent respectively. After 24 hrs of
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irradiation the solvent was removed and the residue was dissolved in 6 ml of chloro~
form. Gaschromatographic analysis at high attenuation of a 2 pl sample (Hamilton syrins
ge) did not indicate the formation of any phenanthridine., A solution of 1.65 mg phe-
nanthridine in 5 ml chloroform was prepared, After injection of 0,1 pl of this solution
phenanthridine could just be detected at the same high attennation. This means that if
any of the cyclohept b indole was converted into phenanthridine, it must be less than
0,08 mg (1,5%9).

IRRADIATION OF ORTHO-ISOCYANOBIPHENYL IN METHANOL AND METHANOL-D.

Solutions of o-isocyanobiphenyl in either methanol or methanol~d were prepared by dissol-
ving a known amount in 50 ml of solvent (volumetric flask) (Table 5.1). Samples of 10 ml
from these solutions were pipetted into small quarz tubes (I.D. 15 mm) and degassed on a
vacuum -line, in freeze-thaw cycles using liquid nitrogen, up to a pressure of 2 microns. A
three-way stopcock connected the sample tubes to the vacuum line and also served in kee-
ping the vacuum during the imadiation. The samples in duplicate were put in a merry-go-
round assembly and irradiated for 2 and 3.5 hrs.

After the irradiation the samples were analyzed by gaschromatography, injecting undiluted
quantities of 3 ul with a 10 y1 Hamilton syringe, o-Isocyanobiphenyl, phenanthridine and cyclo~-
hept b indole were found to have retention times of resp, 2 min 44 sec, 6 min 20 sec, and about
16 minutes. Identification of the peaks was achieved by enriching irradiated samples with
authentic materials. No other products could be detected from the solutions upon concen-
trating, either by ir or by tlc or by glc at low attenuation. For suitably recording of o-iso-
cyanobiphenyl use was made of an attenuation ten times the one used for phenanthridine and
cyclohept[b]indole. The yields for phenanthridine were quantitatively determined by com-
paring the integrated area with the area of samples with known concentration, Each solu-
tion was injected two or three times and each time all compounds were recorded, The ave-
rage of these integrations was taken as being representative for the actual concentrations
(reproducibility of 2 to 3 percent). The integrated area for o-isocyanobiphenyl was obtained
by measuring the sharp symmetrical peak for o-isocyanobiphenyl and by neglecting the long
flat tailing (about 30 percent of the ara of the sharp peak, found in the photochemical samp-
les aswellasin unirradiated authentic solutions). The tailing was apparently caused by o-cy-
anobiphenyl because it cuts off sharply after the retention time for o-cyanobiphenyl (4 min).
The reported average values found were reproducible within 3 percent., The area for cyclo-
hept [b]indole was determined by using the triangulation method. The reproducibility is within
7 to 10 percent due to the low intensity of the peak and the uncertainty in determining the
width (2.5 min),

THERMAL REARRANGEMENT OF o-ISOCYANOBIPHENYL, INTO o-CYANOBIPHENYL IN DI-
PHENYLETHER,

Two experiments have been done.

I. In a 50 ml round bottomed flask with a reflux condensor a solution of 1.79 g of o-iso-
cyanobiphenyl in 10 ml diphenylether was heated under reflux for 16 hrs. From the cooled
crude reaction mixture only -C=N (2227 em~1) could be detected either by ir or glc. Pure
o-isocyanobiphenyl in low yield was obtained after distilling off most of the diphenylether
under reduced pressure. However some of the product co-distilled. Only 180 mg of material
was obtained from the residue (about 1 ml diphenylether was left) after chromatography over
silicagel. The remaining diphenylether was removed by eluting it with n-hexane. The pro-
duct, o-cyanobiphenyl, was eluted with n-hexane-benzene (4:1). This fraction yielded upon
concentration a stickly colorless residue, from which upon cooling (dry ice-acetone), adding
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some n-hexane-benzene and scratching colorless needles were obtained: 35,5-36.5° [lit.
80,81 mp 36°]; ir (CHClg) 2227 cm™1 (G=N).

I. This time 500 mg of o-isocyanobiphenyl was heated under reflux for 3 hrs in diphenyl-
ether, The cooled reaction mixture was diluted with chloroform in a volumetric flask to
50 ml, The yield of o-cyanobiphenyl was ealculated from the integrated area's of gaschro-
matograms. In comparing the area of a known injected amount of the reaction mixture (1ul;
676 integration-units) with a known amount (1 pl) of a solution with knownconcentrationof
o-cyanobiphenyl (40 mg/6 ml; CHCl3 540 integration-units) a conversion of 100% was cal-
culated. (Retention time o-cyanobiphenyl: 4 min 12 sec).

THERMAL REARRANGEMENT OF ORTHO-ISOCYANOBIPHENYL IN GLYCOL

A solution of 505 mg (2.8 mmole) of o-isocyancbiphedyl in 10 ml of glycol (purified by
distillation bp 1940 [1it,32 197°] was heated under reflux for 3 hrs. After cooling 30 mi of
benzene were added and the solution was shaken with an aqueous solution of 2N NaOH. The
combined aqueous solution were washed several times with benzene and the combined ben-
zene solutions dried (Nazso ) and concentrated, An ir $pectrum (CHClg) of the crude reac-
tion mixture showed by comparing with authentic materials: absorptions, likely due to three
products, IR (CHClg) 3450 and 3370 (amine N-H), 1690 (C=0), 2220 em™! (C=N), a) o-amino-
biphenyl, b) o-formamidebiphenyl, c) o-cyanobiphenyl. This was confitmed by glc product
analysis, Retention times resp. a, b, c: 2 min and 48 sec, 9 min and 40 sec, 4 min and
12 sec,

METHYL-N-(o-BIPHENYLYL) -FORMIMIDATE (2).

for the preparation of, e.g., ethyl-N-phenyl-formimidate from ethyl orthoformate and ani-
line.

To a solution of §9.2 g (0.35 mole) of o-aminobiphenyl (Pfaltz and Bauer Chemical
Company) in 74.2 g (0.70 mole) of methyl orthoformate (Aldrich Chemical Company) was
added 2,6 g (0,012 mole) of o-aminobiphenyl hydrochloride. The reaction mixture was hea-
ted at reflux temperature for one hour. Initially a heavy precipitate formed, which on hea-
ting dissolved, Methanol was than slowly distilled off, bp 64-66° (28 ml in 2 hours). An-
hydrous potassium carbonate was added to the cooled reaction mixture and the mixture was
shaken and allowed to stand for two hours, A precipitate was collected in a Biichner funnel
and washed with n-hexane. The filtrate was concentrated in the rotary evaporator, The re-
sidue (54.2 g) was distilled, yielding 41.2 g (55.4 percent) of the formimidate 2: bp 110-
111°/0.2 mm; n%z 1,60585; uv (cyclohexane) 238 nm (¢ 16350), 278 nm inflection point
(& 4500); ir (CHCl,) 1650 em -1 (~-N=CHOCHg), 1245 and 1186 em -1 (only the very strong
bands are reported); nmr (CDClg) 87.6-6,6[{m, 10 (aromatic protons and vinylic protons].
3.72 [s, 3 (CHg)].

Anal, Caled for CyHygNO: C, 79.59; H, 6.20; N, 6.63; mol wt 211,26. Found: C,
80.75; H, 6.14; N, 6.73.

The precipitate (vide supra) was treated with benzene. The inorganic material was filte-
red off and the orgahic solution yielded 12,0 g of N,N'-bis-(o-biphenylyl)-formamidine,
which was recrystallized several times from benzene. The yield was 19.6 percent, mp 157.5-
1599,

Anpal, Caled for G, H, N_: C, 86,17; H, 5.79; N, 8.04; mol wt 348.45. Found: C,

25- 190" 9*
86.44; H, 5.70; N, 7.90.

The fomnimidate 2 was prepared according to a general procedure described by Roberts3
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IRRADIATION OF THE FORMIMIDATE IN METHANOL.

A solution of 1,60 g (7.6 minole) of the formimidate in 400 mi of methanol was irradia-
ted for 37. 5 hrs under a stream of nitrogen at 254 nm. A glc analysis of the crude reactions
mixture revealed the fommation of phenanthridine and o-aminobiphenyl. Under the conditions
employed, some doubt arose as far as the identity of o-aminobiphenyl was concemed since
the retention time was about the same as for o-isocyanobiphenyl: 2 min 19 sec; retention
time 2-isocyanobiphenyl: 2 min 20 sec.

Ir-analysis and a tle plate confirmed however the formation of o-aminobiphenyl and exclu-
ded o-isocyanobiphenyl for which in the ir spectrum a band around 2125 em~! was expec-
ted, Chromatography of the reaction mixture did not bring about a good separation of o-ami-
nobiphenyl and phenanthridine, eluted with benzene chloroform (1:1).

None of the formimidate could be recovered in this way. Apparently it was hydrolyzed on
the silica to the corresponding amine. No other product has been isolated or detected by ir
or tle analysis.

IRRADIATION OF THE FORMIMIDATE IN METHANOL-d.

A solution of 1,54 g of the formimidate was irradiated at 254 nm for 21 hrs ("degassed™
with nitrogen).
Analysis of the crude reaction mixture by ir spectroscopy, tlc, gas chromatography and mass
spectroscopy revealed the formation of phenanthridine besides some 2-aminobiphenyl. The
mass spectrum did not show additional abundance for m/e 180 but the natural isotope abun-
dance for M 179 (12eV spectrum). The mass spectrum was obtained via a gaschromato-
graph connected with the Perkin Elmer model 270 mass spectrometer, using a GE-XE-60 10%
nitrile gum column (stainless steel coil). The ir spectrum of a concentrated solution of the
crude reaction mixture in CHClg did not show absorption at 2220 em-1,

IRRADIATION OF THE FORMIMIDATE 2 IN CYCLOHEXANE.

A. A solution of 1,770 g (8.4 mmole) of the formimidate 2_in 500 ml of cyclohexane
was irradiated for 37.5 hrs under a stream of nitrogen at 254 nm. Gaschromatographic ana-
lysis (absolute calibration method) revealed a loss of 835 mg (47,1 percent) of starting ma-
terial. By using the same method a yield of 685 mg of phenanthridine was determined (97
percent; corrected for unreacted starting material),

B. Of two solutions of 2.10 g (10.0 mmole) formimidate 2 in 400 ml of cyclohexane one
was imadiated under a stream of oxygen and the other one under nitrogen at 254 mm. Samples
were taken at certain time intervals, The conversion inw phenanthridine as well as the re-
maining formimidate was determined by gas chromatography with disc integration for each
sample. The results are depicted in figure 5.1 and 5.2 in which the integration units (pro-
portional to the amount of material) for the compounds are plotted against the irradiation
time.
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SUMMARY.

Isonitriles (isocyanides) are known to reveal more or less nu-
cleophilic properties in the electronic ground state. So far very
little attention has been paid to the chemical properties of the
excited state.

This thesis describes the formation of cyclohept[b] indoles by
irradiation of o-isocyanobiphenyl in cyclohexane. It is a new re-
action which reveals electrophilic properties of the isocyanide
group in the excited state. It appears to be the first example of an
aromatic ring expansion by insertion of an isocyano carbon. Cy-
clohept [b] indole is alsoformeduponirradiation of o-isothiocyana-
tobiphenyl. This reaction proceeds via the initial formation of
o-isocyanobiphenyl and sulfur (Chapter II).

The subject has been extended (Chapter III) to the irradiation
of 2,X'-diisocyanobiphenyls (X =2, 3, or 4) in cyclohexane. The
producedisomeric 7-, 8-, 9- and 10-isocyanocyclohept [b] indoles
are stable compounds. The 6-isocyanocyclohept [b]indole, anti-
cipated to be formed upon irradiation of 2, 2'-diisocyanobiphenyl,
could not be isolated. However, derivatives were found which in-
dicate its initial formation. It is assumed, that a rapid intra-
molecular cyclization of 6-isocyanocyclohept[b]indole gives an
intermediate which behaves like a nucleophilic amino carbene.
This intermediate allows a straightforward explanation of the
actual derivatives found.

In Chapter IV a spectroscopic study is made of the isocyano-
cyclohept[b] indoles. Evidence is obtained for a fairly strong me-
someric interaction between the isocyano function and the hetero-
cyclic system. The basicities of the isocyanocyclohept [b] indoles
are appreciably lower (ca 2 pK, units) than that of the unsubsti-
tuted compound.

The isocyanocyclohept [b] indoles are easily hydrolyzed to the
corresponding aminocyclohept [b]indoles. The pK, values of the
latier compounds are compared with those of the isomeric ami-
noacridines and aminophenanthridines. The aminocyclohept[b] -
indoles turn out to be much more basic than most of the iso-
mers (pK, ca 9.5).

Irradiation of o-isocyanobiphenyl in methanol (Chapter V) pro-
duced phenanthridine as the main product besides a small amount
of cyclohept[b]indole. Evidence has been found that the forma-
tion of the phenanthridine does not result from a direct inser-
tion reaction of the isocyano-carbon into the ovtho C-H bond of
the adjacent phenyl ring. A theory has been developed, which
explains the different course of the photochemical reaction in
cyclohexane and methanol. 85



SAMENVATTING

Hetis bekend dat isonitrillen (isocyaniden) min of meer nucleo-
fiele eigenschappen tonen in de electronische grondtoestand. Tot
dusver is echter zeer weinig aandacht geschonken aan de che-
mische eigenschappen van aangeslagen toestanden.

Dit proefschrift beschrijft de vorming van cyclohept[b]indool
na bestraling van o-isocyanobifenyl in cyclohexaan. Het mag het
eerste voorbeeld genoemd worden van een aromatische ring ex-
pansie door inschuiving van een isocyano-koolstofatoom. Cy-
clohept{b]indool wordt ook gevormd bij de bestraling van o-iso-
thiocyanatobifenyl. Deze laatste reactie verloopt via de vorming
van o-isocyanobifenyl en zwavel (Hoofdstuk II).

Het onderzoek werd uitgebreid tot de bestraling van 2,X'-
diisocyanobifenylen in cyclohexaan (X=2,3 of 4). De gevormde
isomere 7-, 8-, 9- en 10- isocyanocyclohept{b}indolen zijn
stabiele verbindingen. Niet geisoleerd kon worden het 6-isocya-
nocyclohept [b] indole, dat uit 2, 2' -diisocyanobifenyl gevormd zou
kunnen worden. Derivaten konden echter geisoleerd worden, die
een sterke aanwijzing vormden voor de aanvankelijke vorming
van dit isomeer. Verondersteld wordt, dat een snelle intramo-
leculaire cyclizatie van het 6-isocyanocyclohept[b]indool leidt
tot een tussenproduct dat zich gedraagt als een nucleofiel amino-
carbeen. De aanname van dit tussenprod&ct geeft een zeer slui-
tende verklaring voor de werkelijk gevonden verbindingen,

In hoofdstuk IV worden spectroscopische gegevens van de
isocyanocyclohept|b]indolen vergeleken., Er zijn aanwijzingen
voor een vrij sterke mesomere interactie tussen de isocyano~
funktie en het heterocyclische systeem. De basiciteiten van de
isocyanocyclohept [blindolen =zijn aanmerkelijk lager dan voor
de ongesubstitueerde verbinding (ca 2 pK, eenheden).

De isocyanocyclohept [b]indolen zijn gemakkelijk te hydrolyseren
tot de overeenkomstige aminocyclohept[b] indolen. De pK,6 waar-
den van deze laatste verbindingen worden vergeleken met die
van de isomere aminocacridines en aminofenanthridines. Het
blijkt dat de aminocyclohept[b] indolen basischer zijn dan de
meeste genoemde isomeren (pK, ca 9.5).

Bij de bestraling van o-isocyanobifenyl in methanol (Hoofd-
stuk V) wordt fenanthridine als hoofdproduct gevormd naast een
kleine hoeveelheid cyclohept[b]indool. Er zijn aanwijzingen ge-
vonden dat de vorming van het fenanthridine niet het resultaat
is van een direkte insertie reactie van het isocyano-koolstofatoom
in de o7tho C-H binding van de naburige fenylring. HEen mecha-
nisme wordt voorgesteld, dat het verschillend fotochemisch re-
actieverloop in cyclohexaan en methanol verklaart.
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